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THE RAILWAY DISASTER AT 
FRANCE. 





CHARENTON, 


Tue terrible catastrophe of September 6, 1881, at Charen- 
ton Station, Lyons Railway, still possesses a melancholy in- 
terest. 

Way train No. 584 had just arrived at the station about 
twenty minutes behind time, The seven or eight cars of 
which it was made up, and especially the two that are usu- 
ally filled with merchandise, were crowded with passengers. 
Suddenly, lightning express No. 10 from Marseilles was 
signaled, coming at full speed on the same track. The 
sharp bend that the track makes near the place of accident 
prevented its being seen in time. The alarm was given, the 
way train tried to start, and the express train endeavored to 
stop—but it was too late! A fearful crash ensued, the 
locomotive of the express train having reached the way 
train and completely smashed up the last two cars of the 
latter, burying more than forty passengers beneath the 
débris. The scene of horror that followed may well be 
imagined—it is indescribable. Broken windows, bent wheels, 
pieces of seats, here and there bits of flesh sticking to the 
wood-work of the cars, articles of clothing in tatters and 
covered with blood, all went to form a_horrible-looking 
mass; while over all, like a wild beast holding his prey 
within his clutches, stood the locomotive of the express 
train, itself half wrecked. Our engraving represents the 
place of accident as it appeared two hours after the occur- 
rence. The locomotive of the express train is still standing 
amid the débris, and the work of clearing the track is in 
progress 

The final result is well known; eighteen killed and more 
than twenty wounded. As fast as the dead bodies were 
taken from the ruins they were carried to a neighboring 
shed, from whence, after photographs bad been taken, they 
were transported to the morgue, or placed on biers and 
given up to relatives to be taken home for burial. One of 
the saddest features of the accident was the death of a por- 
tion of a musica) society from Ferte-Alais, which was on its 
way, full of joy and bright hopes, to take part in the inter- 
national contest in England. 

The astonishing power of the momentum of a first class 
locomotive when under headway is graphically illustrated 
by our engravings. 








ELECTRO-METALLURGY. 
CLEANSING AND PREPARING OBJECTS FOR ELECTROPLATING. 

Tue first and most important operation in the electro 
deposition of one metal upon another is to effect a thorough 
chemical cleansing of the surface of the metal upon which 
the coating is to be deposited, for if this is not accomplished 
the deposited metal will not adhere to the surface 

In cleansing, different metals usuallv require a somewhat 
different treatment. 

The surface of most metals when clean soon become coated 
with a film of oxide when exposed to the air, especially 
when the surface exposed is wet, and to avoid this it is usu- 
ally necessary to proceed with the plating immediately after 
cleansing. 

Before proceeding to cleanse the articles they are usually 
‘‘trussed” with copper wire to avwid the necessity of 
handling them during the operation or afterward, until 
the plating is finished. A very slight contact with 
the hand is often sufficient to make a second cleansing 
necessary 

If the article to be plated presents a smooth finished or 
polished surface the deposit will be “bright.” If, on the 
contrary, the surface is rough or unpolished the deposit will 
ordinarily bave a dead luster. If left too long in the acid 
dips used in cleansing, a polished surface is apt to have its 
finish deadened. 

No interval should be allowed between the various opera- 
tions of cleansing. 

CLEANSING COPPER AND COPPER ALLOYS. 
i ive nenbekeesqneesseeekeus 1 pound. 
eee ee 1 gallon. 


posed of— 


BE. cud Waeisesd. aadadbeeeee evecece.ck SE, 
NOE MONS os co cssveaccecces eoeeeeeel pint, 


until the darker portion is removed. Rinse in running water 
and dip in the following solution: | 
ONL ccevad hi dedectsswidweaniel 1 gallon. 
Cyanide of potassium, common...... .. 8 ounces. 

Remove from the bath, and quickly go over every part with 
a brush and fine pumice stone powder moistened with the 
cyanide solution. Some electroplaters prefer to give the 
articles a preliminary ‘ brightening dip” in nitric acid, or a 
mixture of nitric and sulphuric acids and salt, followed by 
rinsing in water, but the cyanide, aided by the mechanical 
action of the pumice and brush does very well without it 
in most cases. After the-scouring dip the work momentarily | 
in the cyanide solution, rinse quickly in running water, and | 
transfer immediately to the plating bath. 

Where the article is to receive a deposit of gold or silver 
its surface is usually softened by slightly amalgamating it 
with mercury, to insure perfect adhesion of the deposited 
metal. 

The amalgamating is performed by dipping the article, 
after the cyanide scouring operation, for a few seconds in a 
solution of— 


Mercuric nitrate. .....sccsccsssccess -++-$ Ounce, 
ED GONE bic cdiccdsacececcs Ctdeedes we 
BS So K66 Be SR EEOCS Chaccebiedetcehe gallon. 


Stir until the solution becomes clear before using. Rinse the 
work quickly on coming from the mercury dip, and transfer 
to the plating solution. 

The acid, cyanide, and mercury dips may be kept in glass 
or stoneware jars (avoid jars with lead glazing) provided 
with covers to prevent evaporation. 

A ‘‘dead luster” is imparted to articles of copper or cop 
per allov by dipping them for a few minutes in a bath com- | 


posed of | 
Nitric acid (86°)...... bidecddsedecsse SPREE 
Sulphurie acid (66°)..... ewesetedesévers mp < 
ants 46686 s0teccee eecccccecccccees Yo pound 
Zinc sulphate....... Cevccccccccccccccccy 6% 





“#8 J 
Heat nearly to boiling in a cast iron pot provided with a 
cover, (9) 4, 
Brush to remove any loosely adhering foreign matters, 
truss, and suspend for a time in the hot lye; usually a few 
minutes will suffice if the article is not heavily lacquered. 
If any of its parts are joined with solder it should not be 
allowed to remain too long immersed, as the caustic liquid 
attacks solders and their solution blackens copper. On re- 
moving rinse thoroughly in running water. 
If the articles are much oxidized, pickle in a bath com- 


pure water (soft), and add to it gradually, with constant 
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| Mix the acids gradually, add the zinc salt, then the salt, a 


— —— 





| stirring, hydrocyanic (prussic) acid until all the silver has 


little at a time (out-of-doors to avoid the acid vapors), stir| been precipitated as cyanide, which may be known by the 


well together, and let it get cold before using. f 
thoroughly, and pass through the cyanide before putting in 
the plating bath. 


CLEANSING CAST IRON. 


Cast iron is freed from grease, etc., by dipping in hot 
alkali solution used for a similar pene with copper, and 
after rinsing thoroughly is pickled in water containing about 
one per cent of sulphuric acid for several hours; then rinsed 
in water and scoured with fine sharp sand or pumice and a 
fiber brush. It is then rinsed and returned to the acid pickle 
for a short time, rinsed again, and put into the plating bath 
directly. If more than one per cent of acid is used in the 
pickle the time of immersion must be shortened, otherwise 
the iron will be deeply corroded, and the carbon which the 
metal contains, and which is not affected by the acid, 


will not yield without a great deal of labor to the sand and | 


brush. 

Cast iron does not gild or silver well by direct deposit. 
Copper or bronze deposits are better, though not perfect; 
but if the iron is tinned the coat is adherent and will readily 
receive the other metals, 


CLEANSING WROUGHT IRON. 


The cleansing of wrought iron, if much oxidized, is 
effected in the same manner as cast iron; but it will bear a 
stronger pickle and a longer exposure. Whitened, filed, or 
polished iron may be treated like steel. 


CLEANSING 8TEEL. 


Dip in the caustic lye used for copper, etc., rinse 
thoroughly, scour with pumice powder moistened, rinse, and 
pass through the following dip: 


0 ey ee ee 


, ..-1 gallon. 
Hydrochloric acid.............. 


..-4 pounds. 


Rinse quickly (but thoroughly) and plunge in the bath. 

Clean wrought iron and steel gild well without an inter- 
mediary coating in hot electro-gilding baths. It is difficult 
to obtain an adherent coating of silver on these metals with- 
out interposing an intermediate coating of copper or 
brass, which renders the further operation of silver plating 
easy 

CLEANSING ZINC, TIN, AND LEAD. 


Zinc is cleansed by dipping for a few moments only (as 


the alkali quickly attacks the metal) in the hot potash lye, | 


rinsing, and dipping into water containing about ten per 
cent of sulpburic acid for a few minutes. Rinse in plenty 
of hot water, and, if necessary, scour with pumice 
stone powder and a stiff brush, moistened with a weak 
cyanide solution, or scratch brush. This last opera- 
tion is especially useful when parts have been united with 
tin solder 

Tin, lead, and the alloys of these metals are more difficult 
to cleanse perfectly than zine or iron. Scour rapidly with 
the hot potash and brush, rinse quickly and brush, or dress 
with a piece of soft clean wood. It is very difficult to obtain 
a satisfactory deposit of gold or silver directly upon these 
metals or their alloys. The results are much better if a coat- 
ing of pure copper is interposed. 


SCRATCH-BRUSHING. 


The scratch-brush is often resorted to to remove the dead 
luster on or to impart a smooth surface to an object. They 











are usually made of brass or steel wire, and of a variety of 
shapes to suit the object. Some of the forms are shown in 
the figure. 

The wheel brushes are used on the lathe, the objects being 
manipulated in contact with the rapidly revolving brush. 
The brush is usually kept moistened by a small stream of 
water while in use. 


SILVER DEPOSITS. 


For electro-silver plating the double salt of silver and po- 
tassium cyanide is almost universally employed. 
are used either hot or cold. The latter method is generally 
adopted for articles which require great solidity. The hot 
»rocess is used for small articles, and is preferable for steel, 


iron, zinc, lead, and tin, which have been previously electro- | facility upon silver or co 


coppered. The hot baths are generally kept in enameled 


cast iron kettles, and thé articles are either suspended or | 170° F.) and a moderately strong current give g 
A somewhat energetic; With alloys, such as German silver, the best results are ob- 


moved constantly about in them. 
current is needed, especially when the articles are moved | 
about in order to operate rapidly. 


covered with bubbles of gas the same thing is indicated. 
The anodes are plates of silver or heavy silver foil. 
The wooden tanks for the cold baths are similar to those 
used in plating with copper and nickel, but should be very 
thoroughly coated on the inside with gutta percha 


THE BATH. 


Water (soft)......... samne 1 gallon. 
ae of potassium (pure)..... ...... 8 ounces, 
trate of silver. . Sovcccescos GE 


Dissolve the nitrate of silver in a sufficient quantity of 


eee ee ee eeeees 


eee eer enee 


Rinse | formation of no clou 


The baths 


in, a portion of the clear liquid ‘w 
| a drop of the acid is added to it—avoid adding be coeur 
| the acid. Throw the precipitate upon a fine cotton cloth 
filter, and as the liquid runs through wash the precipitate op 
| the cloth several times with pure water. Dissolve the 
| cyanide of potassium in the water, and stir in the cyanide of 
| silver carefully removed from the cloth. If it does not dis. 
solve in the liquid entirely, add more cyanide of potassium 
| until it does, stirring continually. Let the impurities settle 
| and the bath is ready for use. Many electroplaters use q 
preliminary or silver ‘“‘ whitening” bath, which is the same 
composition, but contains less silver, more cyanide, and jg 
worked with a somewhat stronger current. 

The cleaned article in some cases is first dipped for a few 
moments in a solution of nitrate of mercury, one ounce ip 
one gallon of water, and then in the whitening bath fora 
few minutes, and after brushing is transferred to the silver 
| bath proper. 

The vessels containing the cold bath are sufficiently high to 
allow about four inches of liquid above the immersed ob- 
jects, whose distance from the bottom and sides should be 
nearly the same to give a regular deposit of metal at both 
ends of the object. 
| The upper ledge of the trough carries two brass rods al] 

around, which do not touch one another, one above the 
other, so that other metallic rods placed transversely will rest 
upon the higher or lower series of rods only. The upper rods 
are connected with the zinc, the lower with the carbon or 
copper end of the battery, or with the corresponding poles 
| of the dynamo-electric machine. The transverse rods resting 
upon the lower set support the silver anodes; those resting on 
| the upper set, the work. The work suspended from an 
| upper transverse is placed so as to face two ancdes sus- 
pended from two lower transverse rods. 

As the lower layers of the bath are apt to become denser 
(richer) than the upper, it is often necessary to reverse the 
articles during the operation to obtain « perfectly uniform 
thickness of deposit. For the same purpose small articles 
should be kept in. motion as much as possible. 

The deposit is finer and denser if obtained with a weak 
battery and Jong exposure than if a strong current is em- 
ployed. A sufficient quantity of silver may be deposited in 
three or four hours, but it will be of much finer quality 
and more easily burnished if the work is left in the 
bath for twelve or fifteen hours with a few cells of battery. 

When the articles, especially coppered iron, etc., have ac- 
quired a coherent film of silver, they are sometimes removed 
from the bath and thoroughly scratch-brushed, cleansed in 
alcohol, or preferably in a hot silvering bath, thence again 
passed through the mercurial solution and finished in the 
cold plating bath. 

The first scratch-brushing, which is not always necessary, 
obviates the tendency of certain alloys to assume a crystal- 
line appearance and corrects the imperfections of the cleans- 
~—— process. 

hould the anodes become black during the passa 
of the current the solution contains too little cyanide. in 
this the deposit is adherent, but too slow; and the bath loses 
| more silver than it can gain from the anodes. 

If the anodes remain white during the passage of the cur- 
rent the bath contains an excess of cyanide, and the deposit 
does not properly adhere; correct by adding cyanide of sil- 
| ver until it dissolves with difficulty. 
| When in good working order the anodes present a gray 
|; appearance while the current is passing, becoming white 
| when circuit is broken. 

The specific gravity of the bath may vary from 5° to 15° 
Baumé’s hydrometer and still furnish good results. 

Electro-silvering baths do not generally work so well when 
freshly prepared. If properly used and cared for they im- 
— by age. At first the deposit is often granulated 

luish or yellowish. 

It is customary to mix portions of an old bath witha 
freshly prepared one. Some platers introduce small quanti- 
ties of ammonia instead to age the liquid. 

Bisulphide of carbon in small quantities imparts a bright 
luster to plated articles. An ounce of the bisulphide is put 
into a pint bottle filled with a strong solution of the cyanide 
of potassium and silver, briskly shaken, and a few drops of 
this liquid poured into the bath occasionally until the work 
| appears sufficiently bright. An excess of bisulphide must, 
however, be avoided, as it will spoil the bath. 

What has been said about the arrangement of battery in 
articles of nickel and brass plating will also apply here. 
(See p. 153, vol. xliii., and 4, current volume, Scr. Am.) 


GOLD DEPOSITS. 


In the practice of electroplating with gold the bath em- 
ployed is usually heated, as the deposits obtained in such a 
bath are more homogeneous, tenacious, and durable, and of 
a better color, besides which recommendation a greater 
quantity of the metal may be deposited satisfactorily from 
it in a given time than from a cold bath. 

Owing to the cost of the metal to be deposited ve 
large surfaces are rarely required to be electroplated, 
}and as these baths become worn out and must be re- 
| placed by fresh solutions after a short time, they are usu- 
| ally, as a matter of economy and convenience, used i 
| as small a vessel as the circumstances will admit of. These 

vessels may be of glass, porcelain, or porcelain-enameled 

iron. The latter serve the purpose admirably (if the enamel 

is good). They should be heated over the water bath or by 
| means of steam. 

The same bath does not answer very well for all metals— 
either the bath must be modified to suit the metal or the lat- 
ter must be previously coated with another metal to suit the 
conditions. Gold deposits are obtained with the greatest 

T, their rich alloys, or other 
ith these a hot bath (at about 
results. 








| metals coated with them. 


tained with a weak bath, barely warm. Steel and iron, 


abo A gray or black deposit} when not coated with copper, require an intense current 
indicates too strong a current, and when the surface becomes | and a very hot bath. 


, zine, tin, antimony, and bis- 
muth alloys of, or containing much of these, are preferably 
coated with copper before electro-gilding. 


HOT BATHS. 
For silver, copper, or alloys rich in these: 
Distilled water. .... eensse ,caceetsedce S. GUM. 
Phosphate of soda, cryst.............. ounces. 
aiicoben Ns oats Sane f auencese 2 83 
anide o | sg Os. scien cugee ee 
Gold chlori “>, epee See fF  * 





Dissolve in a portion of the water, heated, the phosphate of 
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phite of soda and cyanide of potassium 


path, now ready for use, should be colorless. 

The cost of this bath is about $5 a gallon, and the metal 
can be deposited from it profitably at $2 per dwt. 
a temperature of from 120° to 175° Fah. 


BATH FOR IRON AND STEEL—UNCOATED. 


Distilled water. ioe demeee 3. 
Phosphate of soda, cryst.......... ++ Ty's Ounces. 
Bisulphite of soda. ...... con cedehed aa ” 
Cyanide of potassium, pure......... # drachm. 
GRE Dos < anetss coun oo----160 grains. 


Dissolve as before. Heat to 175° or 180° Fah. Pass the 
second metal through the hot potash, then through dilute 
muriatic acid (acid 1, water 15), brush, and connect at once. 
Requires a very intense current at first 

he following baths work well with bronze and brass, but 
are not suited for direct gilding on iren or steel: 


Distilled water. ........ hikebiaest ease 1 gallon. 
Phosphate of soda, cryst. ........ 
Bisulphite of soda..... 


eee eeeeereeereeetsa 


Bicarbonate of potash.............0.0+. ; 

Canttle COG cvcesescsesec gees ceeses we t ” 
Cyanide of potassium, pure. .. ........ - 
Gold chloride.......... cqebenicee ma 


Dissolve all together, except the gold chloride, in the hot 
water; filter, cool, and gradually stir in the gold chloride 
dissolved in a little water. Heat from 120° to 140° Fah. for 
use. It requires an intense current. 


DATOS CIR vincsscccsccccescceeces 1 gallon. 
Ferrocyanide of potassium...... oeeeees OD} OUNCES. 
Carbonate of potash, pure............- iy 2 
Sal ammoniac.. .......... CC edccececeee ssi 
GE Ges cesceadveccs eemenniican 9: 


Dissolve as in the last, boil for half an hour, replace the 
evaporated water, and the bath is ready fur use. 


SE NB i cigesdee nesede waseniie 1 gallon. 
Cyanide of potassium... .........-...-- 24 ounces. 
GONE IED. 6. os ccdnsosnccnssevescans a 


Dissolve the gold chloride in the water, then add the 
cyanide, and stir until solution is complete. 

Baths of this kind are commonly used, and with little re 
gard to temperature. They are simple in preparation, but 
are, unfortunately, not very uniform in their working, un- 
gilding one part while another is gilding, and producing a 


variety of colors, especially when freshly prepared. They 
improve by use, however. 
COLD ELECTRO-GILDING BATH. 
Water, distilled. ..... i aba Ba eect 1 gallon. 
Potassium cyanide, pure... ........... 3} ounces. 
Sc akdictesavcctccccsasaes i 


Dissolve the cyanide in a part of the water, then gradually 
add the gold chloride dissolved in the remainder. Boil for 
half an hour before using. (Use cold.) 

The cold bath is kept in a gutta percha lined, wooden, or 
(if small) porcelain tank arranged as for brass plating. The 
anodes are thin plates of laminated gold, wholly suspended 
in the liquid (while in use) by means of platinum wires, from 
clean brass rods joined to the copper or carbon pole of the 
battery, the rods supporting the work being in connection 
with the zinc. When in proper working order the color of 
the deposit is yellow. If the deposit becomes black or dark- 
red, add more cyanide (dissolved in water) to the bath, or 
use a weaker current. 

If the cyanide is in excess the plating will proceed very 
ony or not at all; or, as sometimes happens, articles 
already gilded will lose their gold. In such a case add 
a little more gold chloride or increase the intensity of the 
current. 

Cold electro-gilding must be done slowly, and requires 
a great deal of attention to secure good work. The articles 
must be frequently examined to detect irregular deposits 
or dark spots (which must be scratch-brushed and re- 
turned). It is also frequently necessary to add to or 
remove an element from the battery, especially when add- 
ing or taking work from the bath. With too much intensity 
of current the deposit is black or red; if too weak those 
portions opposite the anode only get covered. In coating 
German silvcr it is necessary to use a weak bath and a small 
exposure of anode. The best results with this alloy are ob- 
tained when the bath is slightly warmed. 


MANAGEMENT OF THE HOT BATH. 


The articles should be kept in agitation while in the bath. 
They should be placed in connection with the battery before 
or immediately upon entering the bath. A foil or wire of 
platinum is in many SS to a soluble gold anode 
when electro-gilding by aid of heat. It suffers no alteration 
in the liquid, and by its manipulation the color of the 
deposit may be materially altered. When it is removed 
80 as to expose only a small surface in the bath a pale yel- 
lowish deposit may be obtained; when the immersion is 
greater, a clear yellow; with a still greater exposure, a red 
gold color. The strength of the hot baths may be main- 
tained by successive additions of gold chloride with a proper 
proportion of the other salts and water; but it is preferable 
to wear out the bath entirely and prepare a new one, as it 
soon becomes contaminated with copper or silver if much 
of these metals have been gilt in it. In’a nearly exhausted 
bath containing dissolved copper the electro deposit wifl be 
what is called ‘‘red gold;” if it contaius an excess of silver 
a “green gold” deposit will result. The gold and copper or 
gold and silver are deposited together as an alloy, the color 
of which depends upon the relative proportion of the metals, 
battery strength, etc. 

Dead luster gilding is produced by the slow deposition of 
& considerable quantity of gold, by giving the metallic sur- 
face a dead luster before Filding (by means of acids), by 
first preparing a coating of frosted silver or b 
the geld upon a heavy copper deposit prc 
weak current in a bath of copper sulphate. 


In order to seeure a good deposit of gold it is absolutely 


necessary that the work should be perfect] 
any trace of oxide, grease, oil, or other impurity. Articles 
of copper and brass may be cleansed by first immersing 
them in a strong boiling solution of caustic potash or 
soda, and. after rinsing, dipping momentaril 
acid and immediately rinsing, or scouring with pumice 
Stone moistened with a strong solution of cyanide of 
potassium in water. 


Dissolve the gold cbloride in the remaining water, stir article. 
the solution slowly into the cold phosphate of soda solution, | 
and finally add the solution of cyanide and bisulphite. The | with hot electro-gilding 





| 
| 
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sate Dissolve in another portion of the water the bisul-| Other metals require a somewhat different treatment, 


which we will have occasion to refer to in a subsequent 


The bichromate battery is commonly used in connection 
ths. See article on nickel-plating, 
|p. 153, No. 10, vol. xliii., Scr. Am. 

As gold chloride procured in the market cannot always be 


Used at depended on for purity and strength, it is preferable to pur 


| chase the gold and make the chloride. A pure gold chloride 
may be prepared as follows: 

Put coin gold, in small pieces, into a glass flask with | 
about five times its weight of aqua regia (nitric acid 1, 
hydrochloric acid 3), and heat gently, with small additions 
of aqua regia if necessary, until the gold is dissolved 
and the silver remains behind as white chloride. Let it 
settle, decant the clear solution, wash the residue several | 
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in the plating bath, for if misconnected damage is done both 
to the work and the bath by the corrosion or partial solution 


| of the former in the latter. 


PREPARING THE WORK. 


Before work can be plated its surface must be freed per- 
fectly from all traces of oil or grease, oxides, lacquer, and 
other impurities. Oil, grease, etc., are removed by contact 
with a strong, hot aqueous solution of caustic potash, anid, 
after rinsing off the adhering alkali, from oxide by an acid 
bath; or, if of brass, copper, or German silver, by scouring 
with fine pumice stone and strong aqueous solution of 
cyanide of potassium. Iron is pickled in dilute sulphuric 
or muriatic acid (acid 1, water 5 to 15), and scoured with 
fine white silicious sand or pumice stone. Brass or copper 
is sometimes brightened before entering to the plating bath 


| times with water, adding the washings to the gold solution. | by dipping it momentarily in nitric acid diluted with about 


Evaporate off excess of the acids in a percelain dish 
over a water bath ‘nearly to dryness). Dilute with ten 
parts of water, and gradually add a strong xqueous solution 
(filtered) of sulphate of iron. Let stand until the dark pow- 
der (gold) settles; gently decant the liquid, wash the gold 
| with hot water, and redissolve it in a small quantity of 
| Warm aqua regia and evaporate the solution, with constant 
| stirring. to dryness in a porcelain dish over the water bath 
| One ounce of pure gold equals about 1,4, ounces of this 
| chloride. 
NICKEL PLATING—THE PLATING BATH. 


The nickel salts commonly used are the nickel ammonium 

| sulphate (called double sulphate) and the corresponding clilo- 

ride. Other salts, such as the nickel potassium cyanide, the 

acetate and sulphate, have been used, but not so successfully 
as these, 

The double sulphate bath may be prepared by dissolving 
tbree-fourths of a pound of the salt in each gallon of water 
(soft). The salt costs about sixty-five cents a pound, and is 

| generally considered the best for this purpose. It should be 
| kept neutral and up to about six degrees of hydrometer 

The double chloride bath requires about four ounces of 
the salt per gallon, and works better slightly acid, the ten 
dency in working being toward alkalinity. 

The bath should be filtered when freshly prepared. and 
should be kept in a separate room, or at least away from the 
apartment in which the buffing or polishing is performed. to 
avoid contamination by dust as much as possible. Exposed 
to the air the bath (the water) evaporates, and the water thus 
lost must be replaced from time totime. To retard this and 
keep out dust as much as possible, it is well to cover the bath 
when not in use. Its surface should be skimmed occasion 
ally, and it should be frequently mixed together to preserve 
a uniform degree of strength. 

The tank or vessel in which the bath is contained is usu 

ally constructed of smooth two inch white pine stuff, grooved 
and well bolted together, and coated on the inside with good 
asphaltum, applied in the melted state. 
Tastont of this form a clean tub or a half barrel or hogs- 
| head, with an extra hoop, may be used, though from the 
shape of such a vessel there is necessarily much waste space 
to be filled with useless liquid. 

For small baths a neat form of vessel consisting in a 
square porcelain-lined (enameled) iron tank of suitable di- 
mensions is sold by some of the dealers in electroplating 
materials, 

ANODES OR FEEDING PLATES. 

Good pure cast nickel anodes are now obtained at a mod- 
erate cost ($1.85 per Ib.), and are preferable to grain metal 
anodes. ‘They usually come in sizes ranging from 1°4 x 4 
inches, ;, inch thick, to 8 x 12 inches, ®, inch thick. 

They may be suspended around the sides of the tank or 
across and facing the work (care being taken to avoid bring- 
ing them into such close proximity to the work that contact 
is likely to occur under any circumstance). They may be 
suspended by clean copper trusses or hooks—which should 
not be permitted to touch the liquid—from stout copper rods, 
to which connection with the battery is made. 


THE BATTERY. 


In nearly all large electroplating establishments some form 
of dynamo-electric machine is now used instead of the bat 
tery. They are cleanly, require little attention aud space, 
and afford a current more easily adapted to the work, and at 
a much smaller cost. 

But as their first cost is considerable, and they require 
power to operate them, the old battery is still in requisition 
in smaller establishments. The carbon or chromic acid bat- 
tery* is more commonly used, as it admits of more rapid 
work with a smaller number of cells; but as it supplies a 
very intense current, it often becomes necessary to introduce 
resistance coils to reduce it where small work is on hand 
Some of the best work we have ever seen has been produced 
with the current derived from two or three Smee or sulphate 
of copper cells (in series). The amount of battery power 
for a given amount of work should be in zine surface (ex 
posed) about equal (when in proper working order) to the 
surface of the work exposed in the plating bath, with care 
to preserve the tension. If one cell lias a zine surface (ex- 
posed), of, say, one hundred square inches, and the work, 
say, five hundred, the one cell will require to be multiplied 
by five for quantity and (if the original tension was, say, 








three) by three to preserve the tension. Thus: 

WORK 

Cc 

z 

- 

z 

¢ 
ANODE 





Of course this is equivalent to three large single cells, each 
exposing five hundred square inclies of zinc (equal to a plate 
about sixteen inches square, exposing both sides). Large 


depositing | batteries of the dipping form, admitting of the immersion of 
uced with a _ the proper quantity of zinc, are often convenient. 


If the current is too strong the deposited metal will pre- 
sent a dull (commonly termed burnt) appearance; if too weak 


freed from | jt is apt to be imperfect, granular, or semi-crystalline. 


For practical purposes the electricity may be said to pro- 
ceed from the copper or carbon pole of the battery, and care 
should be taken that this pole is invariably connected (b 


in nitric | stout copper wires or rods) with the anodes or feeding plates 








* See Scuzntivic AMERICAN SUPPLEMENT, Nos. 157, 158, and 158, for 
descriptions of batteries. 





twenty parts of water, and quickly rinsing it in running 
water.’ It should be placed in circuit immediately after 
this 

The hand must not come into contact with any part of the 
work after removal from the alkali, as the slightest touch 
may spoil all. 

On removal of the plated work from the plating bath it 
should be quickly rinsed (without handling) in cold water, 
then transferred to hot water, which will cause it when taken 
out to dry quickly and perfectly. If the finished work is to 
present a smcotii polishing surface it must present such a 
surface before entering the plating bath. Nickel is hard and 
will not readily submit to a burnishing tool 

When the work is placed in circuit in the plating bath 
(and it should pot be permitted to remain many moments in 
the bath without being placed in circuit) it should be moved 
about to free it from bubbles. 

The process of nickel plating is a simple one, and by a lit- 
tle practice and proper attention to the requirements the bath 
may be worked month after month, and the metal deposited 
smoothly and with certainty. 


COPPER DEPOSITS. 


Where it is intended to simply coat or plate another metal 
or alloy, the electro-deposit of copper is usually obtained by 
the decomposition of a double salt, such as the cyanide of 
copper and potassium. This process is adapted to most 
metals, and affords a fine uniform deposit. The following 
is a good bath of this description: 


WOT MII 6.55.55: 000n0050000nnd oheeund 1 gall. 
Acetate of copper (Cryst) ......00-ceeeeees Bg oz, 
Carbonate of soda (cryst)........ chéranee Me 
OS | eer rere oneal - 
Cyanide of potassium (pure),......... coos O5Q ** 


Moisten the copper salt with water to form a paste (other- 
wise it is apt to float on the liquid); stir in next the carbo- 
nate of soda with a little more water, then the bisulphite, 
and finally the cyanide with the rest of the water. When 
solution is complete the liquid should be colorless. If not, 
add cyanide until it is. 

The bath may be employed hot or cold, and requires a 
moderately strong circuit of electricity. A copper plate 
forms the anode, and iv should expose surface enough to 
supply the loss of copper—at least a surface equal to that of 
the work. It must be removed when the bath is not in use. 

be a liquid becomes colored, more cyanide must be 
added, 

Large pieces are generally kept hanging motionless in the 
bath while the plating is in progress; small articles are 
moved about as much as possible, especially if the bath is 
warm. 

The formula for the bath given above requires pure cyan- 
ide of potassium, and where the commercial article, which 
is often very impure, is used instead, considerable allowance 
must be made. The following formule require a cyanide 
containing 70 to 75 per cent. (a good average) of pure potas- 
sium cyanide: 


COLD BATH FOR IRON AND 8TEEL. 


Acetate of copper. ......0..00. ceeteene coos 8 OZ 
Carbonate Of G00R. .ccscccccccccese cosesss es 
Bisulphite of soda ..... eecese sesseee vote Meee 
Cyanide of potassium, ............ oecesecss Oe 
eee OS eoneccesesscesecs 1 gall. 
Aqua ammonia........... pocnenes “ee cocee Sh ML on. 
Prepare as before. 
WARM BATH 
Bastate C8 COGGSE.. 2 cocesseccvescceess oz. 
Carbonate of soda. ..........+06. obCnewens = 
Bisulphite of soda...........+.. aacsonsone & = 
Cyanide of potassium...........+...0-+05 = & 
ae tinker einiaseeened 1 gall. 
DTI oan e040 sivenseeeenatans 1 fl. oz 
HOT OR COLD BATH FOR TIN, CAST IRON, OR LARGE ZINC 
PIECES. 
RN OE CORE 65 ik ccccekassneead 12} oz. 
LL aren ee oe 
Cyanide of potassium ............00 ss.e SS °° 
Le eee ° 5} gall. 
I kes ons an0-cesaceess 7 fi. oz. 


For small articles of zinc, which are coppered in a perfo- 
rated ladle and in nearly boiling baths: 


Acetate of copper. ........... oi eeKeeeenn 16 = oz. 
Bisulphite of soda ... ... pecrceseoesees - BY “ 
Cyanide of potassium.......-+eee.ee.06- 2 5 
Aqua ammonia..........- peters egneenas a 
Wien: 5s. x4.4+'6 6. epee eeaninn (nnrnce 4 to 54 galls., 


In the preparation of these baths the salts are all dissolved 
together, except the copper acetate and ammonia which are 
added after dissolving together in a small quantity of the 
water. 

The deep blue color of the ammonio-copper solution should 
entirely disappear on mixing it with the other solution; 
otherwise, it becomes necessary to add more cyanide. 

The cold bath is put into well joined tanks of ouk or fir 
wood, coated inside with gutta percha or asphaltum u- 
ine). The vertical sides are also covered with sheets 
per, all connected with the last carbon or copper of the bat- 
tery by a stout copper wire with well-cleaned ends, the other 
pole of the battery — in similar connection with a stout 
brass rod extending the length of the tank (without any point 
of contact with the anodes), and from which the work is sus- 
pended by hooks or trusses in the bath. 

With a thin deposit the coating is po it to be 
considered finished after being rinsed and dri if the 
operation is more protracted the deposit has a dead luster on 
account of its thickness, and if a bright luster is desired it is 
necessary to use the scratch brush. 
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The hot baths are usually put into stoneware vessels heated room. The last three operations are indispensable for hol- 


by a water or steam bath, or into an enameled cast iron ket 
tle placed directly over a fire. 
with copper, the edges of the vessels being varnished, or sup 
port a wooden ring upon which rests a brass circle connected 
with the zinc pole of the battery. The objects to be electro 
plated are suspended from this ring. 

The hot process is more rapid than the cold, and is espe 
cially adapted to those articles which are difficult to cleanse 
The articles are kept in continual agitation, which permits 
of the employ ment of a strong current of electricity Small 
articles of zinc are placed in a perforated stoneware or enam- 
eled ladle, at the bottom of wi 
which is wound up around the handle and connected with 
the zinc pole of the battery. It is sufficient that one of the 
small articles touches the wire for all to be affeeted by the 
current, as they are in contact with esch other, 
must be continually agitated, so as to change the points of 
contact of the objects. What has been said in regard to 
strength of battery, in the article on electro-brass plating 
will apply bere. 


COPPER DEPOSITS BY DIPPING 


This is seldom practiced except upon iron, as deposits thus 
obtained are generally wanting in lasting qualities, since, 
from the thinness of the coating, the iron is but imperfectly 

rotected from atmospheric influences. If the iron is dipped 
n a solution of— 


Sulphate of copper.............++++- ee fb 
Sulphuric acid.......... jenteendveake? ms, Tas 
Water...... sesknbhsss “eenesd e-eeee LtoD galls 


it becomes covered with a coating of pure copper, having a 
certain adhesion; but should it remain there a few minutes, 
the deposit becomes thick and muddy, and does not stand 
any rubbing. Small articles, such as pins, hooks, and nails, 
are thus coppered by tumbling them for a few moments in 
sand, bran, or sawdust impregnated with the above solution 
diluted with three or four volumes of water 


ELECTRO- BRASS PLATING 


Many articles of bronze composition, of zinc, or cheap 
alloys receive a coating of brass by electric deposition, as a 
basis for the bronze luster, which is more easily applied and 
better retained by such a surface. The brass finish is also 
applied by this method to iron, steel, and composition wire. 

Pie preliminary and finishing operations and the dispo- 
sition of the baths are the same for brass as for copper de 
posits. Heat is applied for brass deposits by those who 
electroplate coils of iron of composition wire, etc., with this 
alloy. For other articles the baths used are not usually 
heated. The hot bath is usually contained in an oblong 
open iron boiler lined with sheet brass, while that for cold 
plating is generally placed in a woodea tank coated with 
gutta percha or asphaltum. The anodes are of plate or 
sheet brass joined together and arranged along the sides, all 
connected with the last carbon or copper of the same bat 
tery. The strength of battery current is regulated by the 
surface of the articles to be electroplated. The articles are 
suspended in the usual way—by copper or brass hooks to 
stout rods of the same metal, all connected with the last 
zinc of the battery. 


THE BRASS BATHS 


Where the ordinary cheap commercial cyanide is employed 
the following answers very well: 


Sulphate of copper.. ..... .....-. wes 4 oz 
Sulphate of zinc. ...........008 rr | | 
es . 1 gall. 


Dissolve and precipitate with 30 ounces carbonate of soda; 
allow to settle, decant the clear liquid, and wash the pre 
cipitate several times with fresh water—after as many set- 





tlings. Add to the washed precipitates: 
Carbonate of soda......cc.cessescceeeeeld 02. 
Bisulphite of soda. ...........e000% oscce 156 OF 
0 Eero Tr ae 


Stir to effect solution of these last two, then stir in ordi- 
nary cyanide of potassium until the liquid becomes clear and 
colorless. Filter if much iron or iron oxide (derived from 
impure zinc salt and cyanide) remains suspended in the 
liquid. An additional half ounce or so of the cyanide im- 
proves the conductivity of the solution. 


COLD BRASS BATH FOR ALL METALS. 


Carbonate of copper (recently prepared).....2 oz. 
Carbonate of zinc se ' ceneel a 
Carbonate of soda ...... cacneeeennne’ Seas ™ 
Bisulpbite of soda ....... Kee teteercee ™ 
Cyanide of potassium (pure) ..............4 “ 
Arsenious acid......... eccvccescccccccccce By“ 
Se Cebu cocecseseseccnen Slee 


Filter if necessary. 
The arsenious acid is added to brighten the deposit—an 
excess is apt to give the metal a grayish-white color. 


MANAGEMENT OF THE BATH. 


The losses of the bath are to be repaired by the a‘dition 
of copper and zinc salts (and arsenious acid) dissolved in 
fresh cyanide, and water 

The operator determines the requirements from the rapid- 
ity of the deposit, its condition, color, and so on. 

The difficulty in brass electroplating, especially with small 
baths, is in keeping the uniformity of the color of the de- 
posit, as the electric current having to decompose two salts, 
each offering a different resistance, must, according to its 
intensity, vary the color and composition of the deposit, A 
feeble current principally decomposes the copper salt and 
results in a red deposit; while too great intensity in the cur- 
rent decomposes the zinc salt too rapidly and the deposit is | 
a white or bluish-white alloy. If the deposit bas an earthy | 
or ocherous appearance, or if the liquid is blue or greenish, 
the solution is deficient in cyanide. When in proper work- 
ing order the liquor is colorless. If the coating becomes 
dull and unequal, a slight addition of arsenious acid will 
usually improve it. 

If the deposit is too red, use more battery power or add 
more zinc salt; if too white, decrease the current or add 
more copper salt. The specific gravity of the bath may vary 
from 5° to 12° Baumé; when it exceeds this latter gravity it 
should be diluted with fresh water to decrease the electric 
resistance. 

If the brass deposit is irre; 


lar, remove the articles from 


the bath, rinse, scratch-brush, and put again into the bath 
until the color and thickness of the deposit are satisfactory. 
Scratch-brush again, aud, if necessary, rinse in hot water, 
dry in warm white wood sawdust, and put in the stove 





The vessels are lined inside 


low pieces. 

In the disposition of the brass plating bath it is always 
necessary to have all the articles suspended at about equal 
distances from the anodes. 

The bath may be subdivided by several anodes, forming 
partitions, so that each loaded rod is between two anodes. 

The anodes should always be removed when the bath is 
not in use. 

In order that the brass electroplating of zinc or copper 
may be lasting the deposit must not be too thin, and must 
be seratch-brushed, washed in lime water, and dried in 


hich is attached a copper wire the stove room, 


Generally ten to twenty-five minutes’ exposure in the bath 
suffices in ordinary practice to throw on a good coating. 
Cast and wrought iron, lead and its alloys require a bath 


The ladle richer in the metals than when brass plating zinc or its al 


loys. The battery power should also be greater. For lead 
the bath works better warm (at about 90° Fah.). When 
once placed in the brass bath articles should not be moved 
about, as there is a tendency under such circumstance to 
the formation of a red deposit. 

In brass plating wire the hot bath is usually employed. 
As before mentioned, the vessel containing the bath usually 
consists in an oblong open iron boiler, lined with sheet brass 
anodes, and heated by fire, steam, or hot water. A stout 
copper or brass rod in the direction of the length of the 
boiler rests upon the edges, from contact with which it is 
insulated by pieces of rubber tubing. The rod is connected 
with the zine pole of the battery. The binding wires are re- 
moved from the coil, the wires loosened, and the ends bent 
together into a loop. The wire is then dipped into a pickle 
of dilute sulphuric acid, and hung upon a stout round wooden 
peg fastened in the wall, so that the coil may be made to ro- 
tate easily. After a scrubbing with wet sharp sand and a 
hard brush the coil is given a primary coating of copper. 
It is then suspended to the horizontal rod, where only a part 
of the coil at a time dips into the solution and receives the 
deposit; the coil is then turned now and then one-half or 
one-fourth of its circumference. By dipping the coil en- 
tirely into the liquid the operation is not so successful. 

The wires are washed, dried in sawdust, and then in the 


stove room, and lastly, passed through a draw plate to give | 


them the fine polish of true brass wires. 
The temperature at which the hot bath is commonly used 
varies between 130° and 140° Fah 


TIN PLATING PROCESS. 


Perhaps the best and cheapest substitute for silver as a 
white coating for table ware, culinary vessels, and the 
innumerable articles of manufacture requiring such a coat- 
ing is pure tin. It does not compare favorably with silver 
in point of hardness or wearing qualities, but it costs very 
much less than silver, is readily applied, and easily kept 
clean and bright 

There are several methods in use by which small articles 
—wire, etc.—of iron, copper, brass, zinc, and composition 
are tin plated. These are: 


1. By contact with melted tin. 
2. By tin amalgam. 

3. By simple immersion. 

4. By battery 


The contact process is that by which all sheet tin, or, more 
properly, tinned sheet iron, is produced. A description of 
this process as applied to tin plate will be found on page 
68, current volume, Scr. Am. 

In tinning hollow ware on the inside the metal is first 
thoroughly cleansed by pickling it in dilute sulphuric (or 
muriatic) acid, and scouring it with fine sand. It is then 
heated over a fire to about the melting point of tin, sprinkled 
with powdered rosin, and partly filled with melted pure 
grain tin covered with rosin to prevent its oxidation. The 
vessel is then quickly turned and rolled about in every direc- 
tion so as to bring every part of the surface in contact with 
the molten metal. 

The greater part of the tin is then thrown out, and the sur- 
face rubbed over with a brush of tow to equalize the coat- 
ing. The operation is repeated, if necessary. The vessels 
usually tinned in this manner are of copper and brass, but 
with a little care in cleansing and manipulating iron can also 
he satisfactorily tinned in this manner. 

The vessels must be hot enough to keep the tin contained 
in them fused. 

Tbe amalgam process is not used so mucb as it was for- 

|merly. It consists in applying to the clean and dry metallic 
surface a film of a pasty amalgam of tin with mercury, and 
then exposing the surface to heat, which voiatilizes the 
latter, leaving the tin adhering to the metal. 

The immersion process is best adapted to coating articles 

| of brass or copper. When immersed in a hot solution of tin 

properly prepared the metal is precipitated upon their sur- 
|fuces. One of the best solutions for this purpose is the fol- 
| lowing: 


| 


Ammonia alum................. . ...17} ounces, 
Boiling water ........ jissinenawchae 12} pounds. 
Protochloride of tin... ... . .. ...... 1 ounce. 
| The articles to be tinned. first thoroughly cleansed, are 
put into the hot solution until properly whitened. 

A better coating can be obtained by using the following 
bath, and placing the pieces in contact with a strip of clean 
zinc, also immersed: 


| 


Bitartrate of potassa.. ...... ..........14 ounces. 
bi, cee erere rere) an 
PVGUGGRIOTONG OF CD. cic oe cnsescnase 1 ounce. | 


It should be boiled for a few minutes before using. 
The following is one of the best solutions for plating with | 
tin by the battery process: 
Potassium pyrophosphate..............12 ounces, 
Protochloride of tin. ......ce.cccecsees 
Water 


The anode or feeding plate used in this bath consists of 
pure Banca tin. This plate is joined to the positive (copper 
or carbon) pole of the battery, while the work is suspend 
from a wire connected with the negative (zinc) pole. A| 
moderately strong battery is required, and the work is| 
finished by scratch-brushing. 

In Weigler’s process a bath is prepared by passing washed 
chlorine gas into a concentrated aqueous solution of stannous 
chloride to saturation, and expelling excess of by warm- 
ing the solution, which is then diluted with about ten vol- 
umes of water and filtered, if necessary. The articles to be 
plated are pickled in dilute sulphuric acid, and polished with | 
fine sand and scratch-brush, rinsed in water, loosely armed 

‘with zine wire or ‘ape, and immersed in the bath for ten or 


~* a 








! 
fifteen minutes at ordinary temperatures. 
finished with the scratch-brusb and whiting. 

By this process iron—cast or wrought—steel, copper 
brass, and lead can be tinned without a separate battery. 
The only disadvantage of the process is that the bath soon 
becomes clogged up with zine chloride, and the tin salt 
must be frequently renewed. 

In Hern’s process a bath composed of— 


The coating ig 


Tartaric acid ......cceccccccccccvcccee SORROMR, 
akin co denindetamnias pucibinnaan wa * 

See nals wudadd a. 2 = 

Protochloride of tin ......... smnenegs Se 


is employed instead of the above. It requires a somewhat 
longer exposure to properly tin articles in this than in Wei. 
gier’s bath. Either of these baths may be used with a sepa. 
rate battery. 

ELECTROTYPY. 


In taking impressions or moulds of wnder-eut or highly 
wrought work it is necessary to use a flexible substance to 
admit of separating the mould and model without injury to 
either. For these purposes gelatine—or gelatine and glue 
or sirup—and gutta percha are employed. Glue (of the finest 
quality) or gelatine is softened by soaking over night in cold 
water, then removed from the water and dissolved by aid of 
next in a quantity of pure glycerine equal to the dry glue 
taken. This mixture is kept over the water bath for several 
hours, and is then ready te pour over the warm, well-oiled 
model. After standing for several hours, or until tho. 
roughly cooled, it may be removed from the mode] by care- 
ful manipulation. When removed it is dipped repeatedly in 
a solution of one ounce chromic acid in a quart of water, 
each time being exposed to strong sunlight (every part), 
which renders the surface waterproof and non-absorbent, 
When dry the surface may be metallized, and a strong cur- 
rent with a large anode used at first in the bath. With such 
work much care is necessary to exclude air bubbles from 
the deep-wrought portions. 

In using gutta percha the moulding operation is conducted 
either by press, by hand, or in a stove. 

By Hand.—After purification in boiling water, plates of 
various thicknesses or lumps are formed. 

A quantity sufficient for the intended mould is cut and 
put into cold water, which is gradually heated until the 
gutta percha is soft enough to be kneaded like dough. 
After having pulled the gutta percha in every direction the 
|edges are turned in so as to form a kind of half ball, the 
smooth convex side is applied to the middle of the model, 
then it is spread over and forced to penetrate the details of 
the object. The kneading is continued as long as the mate- 
rial remains sufficiently soft, when it is allowed to cool some- 
what. While at a temperature of about 80° Fah. it is sepa- 
rated from the model and dipped into cold water to harden, 
and may then be handled without danger ef impairing its 
accuracy. 

With some models it is preferable to heat the gutta percha 
|in a copper dish with constant stirring until it becomes a 
semi-fluid paste. This is poured over the pattern previously 
| placed in an iron ring. After a few minutes it may be 


| kneaded in with wet or oiled fingers until it scarcely yields 


to pressure. In removing the mould from the pattern all 
| useless parts, especially those which have passed under the 
pattern and bind it, must be first removed. Then the proper 
position and shape of the covered pattern must be ascer- 
tained so as not to break the model or tear the gutta percha. 

For moulding by sinking or kneading the following com- 
position is preferable to pure gutta percha: Gutta percha, 2 
parts; linseed oil, 1 part. Heat the oil in a copper vessel 
to about 212° Fab., then gradually stir in the gutta percha 
cut fine. When the whole is in a pasty form and begins to 
swell up with the production of thick fumes, throw the con- 
tents of the kettle into a large volume of cold water, where, 
without loss of time, the paste must be kneaded, and, while 
still hot, rolled upon a slab of marble and passed between 
mediumly warm rollers. 

Gutta percha may be used an indefinite length of time. 

In Moulding by Press.—After the object has been coated 
with plumbago or tallow it is put square and firm upon the 
table of a screw press, and surrounded with a frame or ring 
of iron a little bigher than the most raised portions of the 
model. <A piece of gutta percha at least the thickness of the 
pattern is cut so as to fit the ring or frame of iron, and then 
heated on one of its faces only before a bright fire Whien 
about two-thirds of its thickness has been softened! it is 
placed, soft portion downward, in the iron ring or frame 
and the whole covered with a block of metal exactly fitting 
It is put under light pressure at first, the force being iv.- 
creased as the gutta percha becomes harder or more resistir g. 

Stove moulding is resorted to with models the brittleress 
of which renders them liable to injury when pressure is ap- 
plied—plaster of Paris, alabaster, marble, ete. The coject 
is placed upon a plate of iron or earthenware, a ball of guita 
percha is placed on the middle of the object, and the whole 
is set in an oven where the temperature is just suffi ient to 
melt the gutta percha, which, as it softens, penetrates all the 
details; when it has sunk completely it is removed from the 
oven and allowed to cool off untii it retains just enough 
elasticity to be separated from the pattern. 

Gutta percha is entirely insoluble in water, weak acids, or 
acid salts. When moulded it is prepared for the deposition 
of metal by being coated with a film ef graphite or bronze 
powder. 

REPRODUCTION OF MEDALS, ETY 


There are several methods by which medais may be repro- 
duced, and of these the following are the simplest and afford 
the most satisfactory results: 


THE STEREOTYPE PROCESS. 


The medal, thoroughly cleansed dried, and coated with a 
thin but uniform film of pure sperm or olive oil, is bound 


| around the edge with a piece of cardboard so as to form a 
| box, the bottom of which is the medal. } 
| of finest plaster of Paris is then mixed up quickly into a thin 


A small quantily 


cream and applied all over the exposed surface of the medal 
with a camel’s-hair pencil so as to fill all depressions and 
exclude air bubbles. A thick cream of plaster is then at 
once poured in until the box is nearly or quite filled. When 
the plaster has properly hardened the cardboard is taken off, 
and the plaster adhering to the rim of the medal trimmed 
off with a knife; the medal can then be easily detached from 
the cast. Another cast may then be taken of the reverse side 
of the medal in a similar manner. These casts,after trimminy. 
are set aside in a warm place until they become quite «ry, 
and are then clamped securely, face upward, in a smal] s!:al- 
low iron tray, so that their face is about half the thickness 
of the medal distant below the top or edge of the tray. The 
spaces in the tray about the casts are then filled up even with 
the inferior edge of the casts with plaster, papier mdché, oF 
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. The tray thus arranged is put into an oven until 
or A: Re of its contents is uniformly heated to about 
950° Fah., when it is removed and immersed wholly below 
the surface of a potful of ordinary type metal heated just 
hot enough to make it quite liquid. As soon as air bubbles 
cease to escape the tray is slowly and steadily raised out of 
the pot, and the contents allowed to chill and harden in the 
air (sometimes it al pr pmeages to plunge it in water, so as to 
facilitate the removal of the ‘‘ cake ” from the tray). When 
the plate of type metal is cut out of the tray a correct 
(reversed) copy of the plaster moulds will be found on its 
under surface, and when the superfluous metal has been cut 
away and the pieces trimmed to proper dimensions and 
thickness they may be soldered together back to back, and the 
edges cut, turned, or milled, as the case requires to produce 
a correct imitation of the original medal. ; Cleansed by 
dipping momentarily in a strong hot solution of caustic 
potush, and, after quickly rinsing in running water, in | 
hydrochloric acid, it may be coated with silver or copper, if 
desired, by electro deposition. 

BY ELECTROTYPY. 


Melt pure white wax, and stir well into it while cooling 
about one-fifth its weight of finest flake white (plumbic car- 
ponate). Having uniformly coated the faces of the medai 
with a film of finest graphite or plumbago, arrange it in the 
box of cardboard as in taking the plaster stereo cast, and 
pour in the wax preparation previously heated just enough 
to make it semi-fluid. Having thus obtained a mould in 
wax of both faces of the medal, harden the wax in a cvol 
place, then coat it perfectly with a film of pure graphite, 
wrap about the edges a number of turns of clean copper wire, 
and brush on plumbago so that the film of the latter may 
have contact with the wax and wire all around. Suspend | 
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impossible. The object is attained by the use of the dis 
placer cylinder, as the charge is not compressed in the cylin- 
der, but merely passed into the motor cylinder at such a 








A NEW gas engine is exhibited by Messrs. Thomson, | pressure above aimosphere as is necessary to lift the valve, 


Sterne & Co., of London and Glasgow. We give a perspective | and so discharge the exhaust. 
All, or nearly ull, the gas engines which have been | made of any size found necessary to pass the volume of air 
successfully brought out have compressed the charge of | for clearing and cooling. 


view. 


gas and air, but have made only one ignition to every two | 


revolutions. 
each revolution. 


{t follows that it may be 


This device is the essential feature of the engine. In pre- 


Clerk's uew engine makes one ignition for| vious gas engines it was sought to be attained by igniting 
This, it need hardly be said, nearly | but once in two revolutions, or even once eve 


third revo- 


doubles the power of the engine, though it adds a little to| lution, to prevent premature ignition; but although this 


its weight. 


The engine exhibited at Paris bas a motor cylinder of | possible power. 


6 in. diameter, and a light displacer cylinder, as it is termed, 
of larger diameter. The stroke of the piston is 12 in., and 


succeeds success is purchased at the cost of a great loss of 
It is found by the prolonged experience of 
those using engines igniting every second revolution, thut 
when working at full power they back ignite very often, 


it is connected to a crank by the usual rod; but the pressure | and it is only when running light that they are free from 


in the displacer cylinder never exceeding about 5 Ib. per 
square inch, the connections are — light, and it is 
driven from a pin on one of the flywheel arms. The dis- 
placer crank pin is in advance of the motor crank, and at a 
right angle thereto. When it moves forward the combusti- 
ble mixture of gas and air is drawn into the displacer cylin 
der during the first half of the piston’s stroke, at which 
point the gas is cut off, and only air admitted for the re- 
maining part of the stroke. The displacer on its return 
stroke discharges its contents through a lift valve into the 
motor cylinder, the piston of which is hot at the outer end 
of its stroke, and has uncovered an annular port in the 
cylinder communicating with the exhaust pipe. When this 
part is uncovered the hot products of combustion discharge 
through it until the pressure in the cylinder has fallen to 
atmospheric pressure, when the air from the displacer enter- 
ing at the back end, expels the remaining hot exbaust and 
passes in part through the exhaust pipe. The cylinder is 


—=z#£ 


“uw, 





| this. 








t The larger the engine the greater tendency to back 
ignition, and the less possibility of using the engine at its 
full number of ignitions. This seems to be so far prevented 
in Clerk’s gas engine that it may be continuously worked 
up to its full power, igniting at every revolution without 
irregularity or stoppage. 

The arrangements for admitting gas and air, for cutting 
off the gas at the proper time, for igniting, and for exhaust- 
ing, are of a simple character. An automatic lift valve 
serves to admit the mixed charge of gas and air to the dis- 
placer cylinder; another similar valve passes the charge 
from the displacer to the motor cylinder.. A small slide in 
the back of the engine, worked by an eccentric on the main 
shaft, both ignites the charge at the proper time, and cuts 
off the supply of gas to the displacer at half its stroke. 
There is no exhaust valve. The piston uncovers the annular 
port at the outer end of its stroke, and the exhaust is dis- 
charged, and a fresh combustible mixture is passed into the 


CLERK’S GAS ENGINE AT THE PARIS ELECTRICAL EXHIBITION. 


the wax cast thus prepared by the copper wire in a satu-| now filled with fresh air, and when the combustible mix- 


rated (or nearly saturated) aqueous solution of pure sulphate | 
of — it so that all bubbles of air may escape | 
from the deep lines of the cast. Close in front, but not | 
touching the immersed mould (or its connections), suspend | 
by a copper wire a sheet of clean copper. Connect the cop- 
per by stout copper wire with the silver (or carbon) pole of } 
a Smee battery of three cells (in series), and the copper wire 
on the mould, in a similar manner, with the zinc pole of the | 
same battery, and let the deposition of copper on the mould 
proceed until it becomes thick enough to separate without | 
breaking (about as thick as this paper). Then carefully 
detach it from the mould, embed the pieces, face downward, | 
in dry plaster, and fill up (after drying) with melted type | 
metal (or fusible metal). Trim to proper size and thickness, 
solder the pieces together, back to back, and cut or mill the 
edges to proper form. These copies may be coated with a 
thin film of silver by electro deposit. The surfaces may be 
given an aged appearance by immersing them for a few | 
—- in a dilute solution of sulphide of soda in warm 
water. 

When a copy, as produced by stereotypy, of a medal is 
taken in metal, the latter coated with plumbago, and im- 
mersed in a bath composed of three quarters of a pound of 
sulphate of nickel and ammonia per gallon of water, under 
the conditions described in electrotyping with copper, a 
hard shell of nickel is obtained, which, when separated and 
backed with type metal, may be used as a die. It is difficult, 


ture enters, displacing in turn the air, the cylinder contains | 


nothing but an ignitible mixture and air. 

The motor cylinder in its instroke compresses the mixture 
into a space at the end of the cylinder, the pressure rising 
to 45 lb. above atmosphere. [gnition then takes place, 
and the pressure rises to from 200 Ib. to 250 Ib. per square 
inch above atmosphere. The piston moving forward, the 
pressure gradually fall-, and when the end of the stroke is 
reached the exhaust discharges at about 30 ]b. above atmo- 
spheric pressure. This cycle of operations is repeated at 
every stroke. In larger engines, the terminal pressure be- 
fore exhausting is, we are informed, very much less than 
30 Ib., sometimes as low as 5 lb., above atmosphere; but 


| this is obtained by an arrangement which allows of a greater 


expansion. The volume swept through by the displacer 
piston is greater than the combined volume of the motor 
cylinder and space at the end of it into which the ignitible 
mixture is compressed; as half of its charge is fresh air. it 
follows that at every stroke of the engine the whole of the 
products of combustion are discharged and replaced’ by 
fresh cool air, before any combustible mixture is allowed to 
enter. This arrangement produces great certainty in the 
action of the engine. A great obstruction to progress in 
constructing large or powerful gas engines has hitherto been 
premature ignition. The combustible mixture, entering the 
cylinder still containing products of the previous combus- 
tion, ignites at the wrong time either by flame stil] burning 





however, for an amateur in elegtro metallurgy to obtain 
good results in this way. Steel dies cannot be produced in 
this way. Moulds for stereo or ordinary casting should be 


_ heated. 


. For a fusible silver-white alloy melt type metal and mix 
it with one-eighth its weight of grain tin, remave from the 
fire, and stir well before pouring. 


in the cylinder, or by sparks on the walls of the combustion 
| chamber due to the ignited carbon from the decomposition 
| of the oil used in lubricating. To secure freedom from 
these irregular ignitions, it is necessary first to clear out 
thoroughly any hot burned gases; and second, secure a 
| sufficiently low mean temperature of cylinder surface and 
, combustion chamber, so as to render the existence of sparks 





cylinder by the displacer before it returns, The igniting 
arrangement differs from that ordinarily used in gas engines. 
This is necessitated by the much greater number of ignitions 
to be accomplished ~ minute. The arrangement used by 
Mr. Clerk is capable of making 300 ignitions per minute. 
The ignition slide has in it a small cavity, from each end of 
which is a port opening at opposite faces; at one end of this 
cavity there is a perforated plate, through which ignitible 
mixture passes from the motor cylinder, the communication 
being made by a small hole in the slide, and a gutter in the 
slide face, which is constantly on the hole in the port face 
leading to the combustion chamber. The mixture, after pass- 
ing through the perforated plate or grating, is lighted by a 
Bunsen flame, and, burning at the grating, fills the cavity 
completely with flame and discharges at the port in the 
face. 

The movement of the slide causes this part to open on a 
small port in the port face, direct into the combustion 
chamber, causing the immediate ignition of the charge. 
The movement of the slide, of course, cuts off all communi- 
cation with the atmosphere before communicating with the 
cylinder. The ignition port is extremely small, only 4¢ in. 
by 14 in., so that the pressure necessary to keep the slide to 
its face is but slight, even at the high pressure of 250 Ib. 
per square inch. By this arrangement the whole slide is of 
small dimensions, and there is no necessity for ventilating 
the port, as the mixture from the cylinder requires no ex- 
terior aid to support its combustion. The frequency of 
ignition, therefcre, is thoroughly within control. The two 
automatic lift valves which, if used in the ordinary way, 
would cause considerable rattle, are rendered perfectly 
silent by a very simple arrangement of air cushions. The 
engine exhibited gives 6 horse-power on the brake at 145 
revolutions, and indicates about 10-horse power. This is a 
higher power than that given off by other engines with 
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similar cylinder capacity. Mr. Clerk’s engine is well-de. 
signed, and promises to be highly successful.—7he gy 
gineer. 





LARGE PLANING AND SLOTTING MACHINES 


WE give illustrations of two machines, prepared from 
photographs furnished by the makers, Messrs. Smith, Beg. 
cock & Tannett, of Leeds. The largest of these machines 
is the vertical and horizontal planing machine. This mg. 
chine planes vertically 17 ft. 6 in., and horizontally 21 ft . 
the one motion can be changed for the other in half , 
minute. The work is secured to a base plate, which is go 
fastened to the framing of the machine that the strain of g 
large cut at any part of this large surface is effeciually 
resisted. The various slides and their supports have beep 
accurately fitted and secured at right angles to each other. 
so that the bed-plate columns and cylinders of a very large 
engine have been put togetber from this machine with ae. 
| curacy. 

It will be seen that while one job of moderate size js 
| being planed, another may be fixed ready for the tool to 
come to it, and the loss of time in setting and resetting, 
| which ordinary planing machines incur, is in this machine 
javoided. The finishing cut, which may be as much as 11 
in. at a stroke, is put on by hand. . 

This machine is driven by a special double-cylinder wall 
engine. 

Another machine for dealing with large forgings is the 
slotting machine with a 4 ft. stroke. The vertical slide of 
lthis machine is adjustable, so as to deal with the various 
thicknesses of the work to great advantage. The slides 
which carry the table of the machine are worked by double 
screws to prevent the springing of the work away from the 
;cut. One great advantage of this machine is that the work- 
|}man can change the stroke from 4 in. to 4 ft. in a few 
seconds — The Engineer. 





KRUPP’S IMPROVED GAS GENERATORS COM. 
PARED WITH THE OLDER APPARATUS OF SIE- 
MENS. 


In the old Siemens gas generators at the Krupp Steel 
Works, there is consumed per 12 hours about 1,220 kilo- 
grammes of gas coal, from the Hanover Mine, containing 
6 to 6°7 per cent. of ash; but in the new improved apparatus 
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KRUPP’S GAS GENERATOR. 


the quantity consumed is !,500 kilogrammes, and, by forcing 
the operation, 2,000 kilogrammes of ordinary steam coal, 
yielding on au average 11°5 per cent. of ash. Both systems 
were rendered active by the Korting injector. It is well 
known that the ashes under the grates of the old gas gene- 
rators contain a large quantity of unconsumed coke. The 
ashes of the new apparatus are, on the contrary, almost 
entirely burnt out, and consequently nearly every bit of the 
fuel is converted into gas and utilized. ; 

Coal gas costs about 10 frances per ton, and that for steam 
boilers, 5.25 francs. 


MEAN COMPOSITION OF THE COMBUSTIBLE GASES. 





| Gas Generators. 








old. ~~ New. 
Carbonic oxide ............. 18 per cent. | 25 percent. 
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The work of the stoker is considerably lessened, since, in 
addition to the regular cleaning of the grates, no difficult 
labor presents itself. Three workmen are sufficient to 
attend to eight generators. 

| The economy resulting solely from tie use of a lowe! 
| priced coal has been found to be (10—5.25 francs)=475 
frances per ton. 

Allowing, then, that in the old apparatus there are con- 
| sumed only 1,200 kilogrammes per 12 hours, there is effected 
|by the new apparatus an economy of 2X1'27x300 days x 
4°75 francs= 3,420 francs per year and per generator. _ 

In addition to these important advantages, other indirect 
ones have also been found; as, for instance, an economy 1 
the work of the corps of stokers resulting from a better 
| utilization of the general arrangement, since no loss of gas 
And, finally, 


IMPROVED 4 FT. STROKE VERTICAL SLOTTING MACHINE. |G ive dicieneiien io thep ener ailiatiiaamesies 
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~ ON THE MANUFACTURE OF PROJECTILES. 
By Mr. J. Davipson. 


In this paper, lately read before the Iron-and Steel Insti- 
tute, the main features of the manufacture of projectiles in 
the Royal Laboratory at Woolwich were described. The} 
War Department in 1857 appointed a committee of officers 
belonging to the Arsenal to consider the advisability of es- 
tablishing a foundry for the manufacture of projectiles to 
meet the requirements of both army and navy “he delib- 
erations of that committee resulted in the establishment of 
an experimental foundry, in which two small cupolas were 
erected ; and it was not long before the introduction of 
moulding machines was suggested, with the view of securing 
a large output in numbers, and atthe same time reduciyg 
the amount of skilled labor and the cost of production to a 
minimum. Machinery of this description was not then in 
existence, and an inquiry led to the firms of Messrs. Fair- 
pairn, Greenwood, and Batley, of Leeds, and Messrs. Hig- | 
gins & Co., of Manchester, submitting designs of machines 


| 


SPHERICAL SHRAPNEL SHELL 





| 





for the purpose. The principle of removing the pattern or 
lowering it through a fixed plate was in both cases adopted, 
but the method submitted by Messrs. Fairbairn, Greenwood 
and Batley proving the most effective, was, and has since 
been, almost wholly in use, the modification of a ‘* screw” 
in place of *‘ rack und pinion” having to be used for the 
large natures of projectiles. The core-box machines consist 
of two halves, forming the desired shape of core. and these 
were ina ie to recede and face each other by means of a right 
and left-handed screw. S»> marked was the success obtained 
in this small foundry, that it was decided to erect the foun- 
dry to which this paper especially applies, and which was de- 
signed to give an out turn of 6U0 tons per week; the 6in. sphe 

rical projectiles being the means taken to estimate the 
extent of space required. The foundry having been 
supplied with its complement of machinery and put into 
actui! working order in the financial year 1858-59, its 
capabilities were shown by an average output of 50) tons per 
week for the whole of thit year. The supply by the Elswick 
firm of projectiles as well as guns may be said to have virtu- 
ally—for the time—stopped the manufacture of all spherical 
work; but it was seen that in most cases a slight modification 
or altera'ion of our existing machines would place them in a 
condition to proceed with the class of projectiles called for, 
and it was deemed necessary that this be done as far as 
possible. These alterations to the mac!ines have enabled 
the foundry to meet all the succeeding changes up to 
the present time, é. é., so far as the moulding process is con 

cerned. 

The author next came to the introduction of chilled pro- 
jectiles in the year 1866. The object of chilling, it is almost 
needless to say, is to insure penetration, and more especially 
the penetration of armor plates. In their first efforts in 
this direction, they arranged to cast the whole of the projec- 
tiles in an iron mould, but the results of the firing against 
armor plates proved the weakness rather than the strength 
of such a projectile, and the ‘‘entire chill” system was 
superseded by that which is now in use, viz., an iron-chilled 
point with sand-mould body. The chill was at first made in 
one piece, and a “‘ chill” involved considerable trouble and | 
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expense. It was found necessary to turn it out to the proper | 
curve form, leaving a clean surface. It was not unusual to 
find, where every precaution had not been observed, that the 
first cast would destroy it; and even witb all the care possi- 
ble, the life of a chill under these conditions was of short 
duration, a successful chill only standing from teh to fifteen 
casts before requiring renewal. It was felt that this expense 
must be reduced, and a proposal was made to bore the exist- 
ing chills out sufficiently large to accept a lining. This 
proving a great success, the casting of the linings became a 
matter of interest. The moulding and casting of the linings 
are now executed with metal-turned patterns and every de- 
gree of care. The interior of the linings is not turned, 
a3 was the case in the solid chill, but left with the skin 
of the casting on. In order that the head of the projec- 
tile may be perfectly concentric with the recess in the body 
of the chill, which receives the body part of the moulding- 
box, the exterior of the lining is turned to fit exactly the body 
of the chill. They have thus insured two great advantages: 
First, the casting being light, they are enabled to get a much | 
closer texture of iron in the lining than could be expected in 

the larger mass of the chill, Second, baving the mould skia | 


retained, they are enabled to get from forty to sixty casts 
out of the same chill; and when the chills are worn out, 
they are easily and quickly replaced. The introduction of 
the lining, however, presented a difficulty which, although 
since entirely overcome, is still of such importance as to 
deserve a passing notice. While aiming at keeping the 
point and body of the projectile mould perfectly concentric, 
the line formed between the chill and lining by virtue of 
unequal expansion and contraction gave room to particles 
of sand becoming embedded between, and a repetition of 
this evil, besides causing the point to be eccentric, resulted 
in the destruction of the lining, either by altering its form, 
or more generally breaking it. Altogether, it will be seen 
that a slight inclination or slope given to the outer lip of 
the lining acts in such a manner as to throw any sand to the 
surface or face of the sand mould without affecting either 
chill or mould. It is now proposed to supersede.the studded 
projectile by one which shall be rotated by what is termed a 
‘studded gas-check.”” The studs form a weak point in any 
projectile, more especially so in one intended for armor- 
piercing. The proposed shell will be cast with a peculiarly 
serrated base, which will do duty by sustaining the gas- 
check, which in its tarn will be called upon to do the duty 
previously done by the studs. From 25 to 35 per cent. of 
the outiurn is the most now used of Welsh iron. The 
remainder is made up of old guns, old shell, and the scrap 
produced in manufacture, a very ordinary mixture being: 
Per cent. 
WRI BOB oo. 0.5 0.5. 00:5:60660.08000000000066004000 0 
COE Peenees GOR, 0... «sos. 5c0000e5cncsecsecensoune 
CE Bn 6 0cnss 60000000000 v0gneeesnecsasesanene 
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100 
The author described at considerable length the plant in 


the foundry, and went on to deal with the statistics of out- 
put. The largest output of spherical shells of all sizes in 


|one year—1859-60—was 1,937,000, or nearly two millions; 
jand the weight of iron consumed in their manufacture irre- 


spective of that melted for pig, ete , was nearly 20,000 tons, 


| Since the introduction of elongated projectiles this quantity 


and amount has never been required; indeed, only such an 
exceptional period as the above could have necessitated such 
a demand, for it will be remembered we were entirely with- 
eut stock of any kind, and wholly dependent on outside aid 
to furnish our requirements. Taking four ordinary years, 
it would be found that the average consumption of iron 


that hair felt was the best non-conducting material. Tak 
ing the value of this at 100, he estimates the value of the 
other materials experimented with as follows : 


Mineral wool,. No. 2, two inches thick........... 83°02 
Sawdust, two inches thick........ a iineoeehee core 
Mineral wool, No. 1, two inches thick .......... 67°60 


Charcoal, two inches thick. . .. . 68°20 


Cross-cut pine, two inches thick........... oseewa 55°80 
ee Ee 
Aamaeee, CO HENS CRIES oo. ccc cocccccscesccss 36 BO 


6 deb eseoecesesns 13°60 


Mr. Emery, in commenting upon the above results, calls 
attention to the poor showing of au air space, a result quite 
contrary to current popular opinion. He attributes the slight 
value ot an air-space to the fact that connection of circula- 
tion takes place; that the air is cooied on one side of the 
space, descends and rises on the other, and it is necessary to 
| break up the air-spaces, and that undoubtedly accounts for 
| the efficiency of these different materials. He continues: 
“It is the air, probably. that is the non-conductor ; but it 
should be kept ‘yuiescent instead of being allowed to circu- 
late. The air-space itself is of very little value, until the 
circulation is prevented.—Hng. and Min. Jour. 





REPRODUCTION OF NEGATIVES FOR SINGLE 
TRANSFER CARBON PRINTING. 
By W. T. WriLKrnson.* 


NOTWITHSTANDING all the efforts to introduce double 
transfer carbon printing into general use as a substitute for 
the beautiful ‘‘| ut evanescent” silver print, especially for 
publication, photographers are almost unanimously of opin- 
jon that it neither pays, por yields results such as will 
induce the public to accept carbon instead of silver. The 
reason of this is not far to seek. The process is too uncer- 
tain and tedious for commercial work, whether the tempo 
rary support be glass or flexible support, as when glass is 
used, except in very skilled hands, the chances are that less 
than 50 per cent. of the prints refuse to leave the old love 
for the new; and when flexible support is used, in addition 
to the difficulty of transferring, is the uncertainty whether 
during the development the print will stay in its place or 
blister up, these being without taking into account the bore 
of preparing the two supports. Certainly, if India-rubber 
paper be used for the temporary support, not only is the 
result better, but all these troubles are reduced to a 





varies from 5,000 to 8,000 tons annually, and that a mean of | 


the numbers of projectiles may be taken at a quarter of a 
million.—The Engineer. 


THE MANUFACTURE OF MINERAL WOOL. 


THE idea of utilizing blast-furnace slag by manufacturing 
from it a fibrous product called mineral wool in this coun- 
try, originated in Germany, where Liirmann first arranged a 
plant at Osnabriick. For a number of years, it has been made 
on a working scale at a small blast furnace at Greenwood, 
N. Y., and the demand having grown, a second plant has 
been put in operation at Stanhope, N. J, which furnace 
delivers 20 slag cars per day to the parties making the wool. 
In many respects, present practice differs in detail from that 
first adopted and at the time described; and it may not be 
without interest to give some details, for which we are prin- 
cipally indebted to Mr. R. D. A. Parrott. The length and 
fineness of the fiber obtained by blowing steam across a 


stream of molten cinder depend largely upon the compo- | 


sition and temperature of the fluid material, a very liquid 
and hot cinder furnishing a larger percentage of very fine 
fiber, which it is tbe principal aim to produce. At Stan- 
hope, steam under pressure of 45 to 80 pounds is allowed to 
escape from a crescent-shaped aperture, 1!3 inches by 1g 
inch, ind it strikes a stream of molten slag about a finger 
thick flowing from the cinder car over a gutter which con- 
trols the stream. The steam divides the slag into innumer- 
able shot-like bodies, which in becoming detached, pull out 
a thread or fiber. The conversion is due entirely to the 
mechanical force of the particles of steam, which it is esti- 
mated travel at a speed of about 2,00) feet per second. They 
strike ayainst a brick wall built up in a large chamber for col 
lecting toe wool. The shot are broken off from the fiber and 
lie embedded in the wool as it has settled upon the floor of the 
chamber. At Stanhope there are two of such chambers, into 
each of which four jets, arranged in pairs, deliver. 


| one of the chambers is in use, the other is being cleaned up, | 


minimum, except that the process is still tedious. Of 
| course, we have often been told that the raison d'etre of the 
double transfer carbon process is merely to utilize the large 
stock of negatives alieady in the possession of photo- 
graphers, and that the best results in carbon are only to be 
obtained by the single transfer process, which will give as 
good results as silver, and can be worked as economically 
and with as much certainty as silver. But then single 
| transfer carbon requires what are called reversed negatives, 
and the question is, How are these to be obtained, and how 
are all the old negatives to be reversed? Certainly, all fresh 
| negatives might be taken reversed by using a mirror, and 
the old ones stripped from the glass, but it would be mapi- 
festly awkward to have a stock of negatives some of which 
are reversed, and the rest not. As to stripping the filmes, 
| that is far too uncertain and risky an operation to be 
thought of; therefore, for small orders, silver printing must 
| be the method in use until another (for use with ordinary 
negatives) is introduced, giving results as good in quality, in 
economy, and certainty, but more permanent 
| For publication or large orders, especially when required 
in a hurry, it is the practice to multiply the negative, mak- 
| ing as many as required to get the orders off quickly; this 
being the case, why not make reversed negatives, and let 
| the prints be by that simplest of processes, the single trans- 
| fer carbon ? 
| Some years ago Mr. Burton suggested that valuable nega- 
| tives should never be subjected to the wear and tear of 
| silver printing, but that a carbon transparency should be 
; made, from which negatives for printing from are produced 
| in the camera; but | would suggest that from the carbon 
transparency negatives be printed by contact upon gelatine 
bromide plates, with the aid of artificial light, when, by 
| careful manipulation, any required number of exactly uni- 
form negatives can be produced; and as such negatives 
are reversed, they are available for printing in carbon by 








While | the single transfer-precess. 


Apart from any other advantage that may accrue from 


it having been allowed to cool off after blowing for half a} the facility with which negatives may be produced by this 


day. The wool which is in these chambers, and which is | 
intermixed with shot, is carried out of the chambers by a con-| 
veyer, run by a smal] engine toa riddle. It requires con- 
siderable agitation to get rid of the shot, and as much as | 
six pounds to the cubic foot is got out. A conveyer takes | 
away the riddled wool to the storehouse. About eighty per 
cent. of it is termed the ordinary grade of mineral wool, | 
weighing about twenty-five pounds per cubic foot, while the | 
other twenty per cent. is what the United States Mineral | 
Wool Company call their ‘‘ extfa” grade, which is free from | 
shot and weighs fifteen pounds per cubic foot. The cur-} 
rents of air created in the chamber by the steam jets carry 
the lightest fibers over the brick wall to a back chamber, 
where they accumulate and constitute the material for this | 
finest grade. The riddle is a simple contrivance, consisting 
of a box about eight feet long, three feet wide, and two feet 
high, the top being covered with wire cloth having a one- 
quarter inch mesh. The box is suspended from above so that 
the surface of the screen isa little inclined,and is moved back- 
ward and forward rapidly by means of an eccentric wheel. 
Air is blown up through the screen by a Sturtevant fan, thus 
carrying away the fine dust. At present only a part of the 
cinder is utilized, as it chills. It issuggested that the build- 
ing of areverberatory furnace, into which the molten cinder 
from the blast-furnace is charged to be kept there until 
wanted, would give more regularily to the working, as it 
would act as a stock upon which it would be possible to draw 
at any time, and at the same time the cinder could always 
be made to have the proper temperature. The capacity of 
the present plant at Stanhope is about 2,000 pounds per day, 
and additional quantities could be made at the Greenwood 
furnace, Orange County, N. Y., if wanted 

Mineral wool is used chiefly as a non-conductor of heat, 
and the following tests made by Mr. C. E. Emery, and pub- 
lished in a paper read before the American Society of Mechan- 
ical Engineers, at their Hartford meeting, may be quoted to 
show its utility : 

He recorded the results of a number of careful experi- 
ments on different non-conducting materials, the same acting 
is protectors of steam pipes. The experiments were made 
so as to present as nearly as possible the condition of steam 


pipes and their covering in practical use, Mr. Emery found 








method, there is ancther which cannot be too highly 
estimated, and that is the opportunity offered of so greatly 
improving upon the quality of the original negative, be- 
cause it does not always follow that the original negative is 
always good; it may be thin and flat, and yield anything 
but brilliant prints, with all the dodging that skill can bring 
to bear upon it. On the other hand, it may be so hard and 
dense, that even in the brightest sun, one print per diem is 
all that can be counted upon. Now, by the use of a suitable 
carbon tissue for making the transparency, both these 
defects can be overcome. 

In both these cases, the tissue best adapted for making a 
suitable transparency is a thin fine tissue, such as is issued 
by the Autetype Co. for small portrait work, Nos. 113 and 
114. For a thin negative the transparency must be printed 
just dark enough to show all detail well out, then intensi- 
fied with permanganate of potash, or Mr. Burton’s method 
with ammonia nitrate of silver, followed by pyrogallic and 
silver. When the original negative is very hard or dense, 
print as deep as possible, short of aliowing the action to ex- 
tend to paper supporting the tissue compound, while for 
good ordinary negatives the specia! transparency tissue will 
be found to be best for use. 

A suitable transparency having been obtained, judicious 
retouching can be resorted to fer its improvement. Spots 
and blemishes may be removed as minimizing the work 
upon the resulting print 

With regard to making the transparency, the simpiest 
method of procedure is, after exposing the tissue for the 
requsite time under the negative, to polish a plate free from 
scratches, ete., and coat it with thin iodized collodion (pre- 
viously filtered), and when the film has thoroughly set, 
place in cold filtered water; now, when the alcohol and 
ether have been eliminated, and the water flows evenly over 
the film, place the expased tissue in the water, and at the 
proper time bring the two surfaces together under the water; 
lift out and place upon a flat surface, lay a piece of India- 
rubber cloth, or of single transfer paper previously wetted, 
over the plates, and apply the squeegee vigorously; then, 
after an interval of five or ten minutes, proceed to develop 


* Read before the South London Photographic Society. 














' 
i 
' 
i, 
I! 
i 



























4942 . SCIENTIFIC AMERICAN SUPPLEMENT, No. 310. 


“ DecemBer 10, 188], 











in warm water which is clean and free from floating 
particles. 

Printing the negatives upon gelatine plates is best done by 
the light of a good paraffin lamp, such as a silber or a du 
plex, placing the printing frame about three feet away from 
the light, and when once the right exposure bas been hit, as 
many negatives as may be required can be produced of 
exactly uniform quality, when they may be all printed 
together in one sheet, so minimizing the labor. 


GAS PRESSURE IN THE SOLID COAL, 


AN elaborate series of experiments on a subject upon 
which little that is definite is known has been conducted by 





298, 331, and 425 pounds, thus showing considerable varia- 

tions in the same seam. In the Elemore colliery, only 28| We illustrate the last new decorative design prepared for 
pounds were noted; while the figures were in the Hetton, 45 | Messrs. Jeffrey & Co., of Essex road, Islington, by Mr. 
pounds; in the Eppleton, 81, 55, 104, 125, 204, 221, 223, and | Walter Crane, who has thus described the design of tlie rose 
285 pounds; and in the Harton colliery, 197, 231, and 295 | pattern: ‘*‘To those who have been long in city pent,’ this 
pounds. The time elapsing before a maximum pressure was | wall-paper may perbaps help to recall the ‘ plaited alleys of 
reached varied from one minute 14 seconds to attain 55 | the trailing rose’ and other pleasurable places. The brier 
pounds in one of the holes of the Eppleton colliery, to 16 | rose on the wall is changed to the garden rose in the dado 
days 5 hours to come up to 235 pounds in the same vein of | and frieze, having, in those positions, a more conventiona} 
the same colliery. There does not seem to be any fixed rela- | form in accordance with the more strictly-detined limits of 
tion between the pressure and the thickness of cover, as the | the pattern, as well as its figurative or emblematic intention, 





highest of 461 pounds at the Boldon equaled 84 per cent. of | In the intermediate panels of the frieze and in the central 
that due to a column of water of the same height asthe thick- | panels of the dado, it will be noticed that the rose tree 
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on IN DECORATIVE ART.—ROSE PAPER, WALL DECORATION, 


Mr. Lindsay Wood, who has published them through the 
Transactions of the North of England Institute of Mining 
and Mechanical Engineers, With a view to ascertain the 
ressure of gas in the solid coal under varying conditions, 

r. Wood has bored holes at different depths into the coal 
in various seams at the Hetton, Elemore, ippleton, Boldon, 
and Harton collieries, plugged the holes, applied gauges, 
and taken readings at regular intervals during long periods 
of time. The greatest pressure recorded is 461 pounds at 
the Boldon colliery, in a bore-bole 82 feet deep. In the same | 


oO ? 

ness of cover; in most cases, it scarcely reached 50 per cent. | springs from a heart-shaped root {perhaps its native soil), 
of the pressure due to the column, and in one instance it was | and bears, for central flower, the winged head of an Amorius 
only 8°75 per cent., the lowest pressures being obtained in | (a personage not altogether unconnected with its culture), 
the collieries that had been the longest opened out. | while the crossed arrows through tbe garland point to the 

The maximum quantity of gas coming from one of the | moral of the old song: ‘ When I gather the rose so red there 
bore holes was 5-927 cubic feet per hour per square foot of | groweth up a sharp thorn there.’ The colorings are of the 
hole surface; and the minimum, 0°057 cubic foot. The re- | most delicate and harmonious kind, rendering the effect of 
sults of Mr. Wood’s experiments show also that the varia- | the design hospitable in every way, and quite unobtrusive. 
tions of the barometrical column and the temperature have This may be said equally of the executed work as of the 
no observable effect upon the quantities of gus evolved. | original cartoon.” — Building News, 
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PRIZE ANIMALS AT THE INTERNATIONAL EXHIBITION OF DOGS, KLEVE, BELGIUM. 


1. Seotch Deerhound, ‘‘Druamah.”—2. English Biooduound, **Hercuies.” —3, German |ong-haired Setter, ‘‘Job,”—4. German short-haired Setter,** Cora.”.--5. remaie Vachs-hund, “Lon 
ga.” —6. German Tiger-dog, “‘Nero.”—7. English Mastiff, ‘‘ Prince.”—8, Wolf Spiiz-dog, ‘‘ Mohr.”—9. White curled-haired Poodle.—10. Alpine hound, “* Gessler.”—11. German 
Rough-haired Terrier, ‘‘ Rattler.” 
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[NATURE.] 


PHENOMENA DEVELOPED BY HELIOSTATIC 
STAR-DISKS. 


A HELIOSTAT of the highest class is doubtless beyond the 
means of ordinary observers, but such an instrument as the one 
now described is readily obtainable. Three sets of achroma- 
tic lenses forming a focal power of forty at ten inches, or a 
miniaturing power of one-fortieth, are in general sufficient 
If formed into a microscopic object-glass, the front is turned 
toward the sun. The glass then refracts a beautifully small 
star-disk, which, owing to the large angular aperture of the 
combination, remains steadily in view for several hours 
The optical characters of this disk vary considerably with 
the quality of the lenses; practically a very tine one-quarter 
by Powell and Lealand produces disks of remarkable beauty 
and precision. In some cases a plane mirror is conveniently 
attached to reflect the oblique solar rays. 

The instrument thus provides a stationary solar star-disk 
for continuous observation. No clockwork or machinery is 
required. The size of the disk is one-fourth of the sine of 
the solar diameter, or nearly 45-10,000ths of an inch. 

A more brilliant form of surpassing effulgence is occa- 
sionally employed by a 38-inch lens placed before a right- 
angled prism. An aerial image of the sun thus produced 
outshines the electric light. These disks are viewed at a 
distance of ten feet. 

It is proposed to describe first their use in microscopic 
research, and secondly for telescopic vision. 


I, MICROSCOPIC RESEARCH, 


The Miniature Method.—A strong plate fitting the upper 
stage of the microscope by means of screws is pierced in the 
center by an aperture carrying the standard 
screw, into which an objective can be firmly screwed. The 
stage motions then give readily the necessary adjustments 
for coincidence of optical axes. ‘This is called the stage 
holder. All previous methods of fixing the objective in the 
sub-stage have been abandoned; the necessary steadiness 
being almost unattainable. 

Phenomena of Helioatatic Star-Disks produced by the On 
quarter.—Stage-holder armed with av inverted 1-32d water 
immersion, The miniature of the star disk is now viewed 
microscopically with a 1-16th immersion. When both of 
these objectives are adjusted for the most brilliant vision, 
d stand foliage is distinctly visible. A flag-staff carrying the 
Union Jack 180 yards away displays its double cross. The 
line lightning-rod surmounting it is distinctly visible. 
Houses on a hill glisten in the sunshine; but conspicuous 
above all is the minute solar star-disk blazing with all the 
glory of a midday Sirius at the open window-sill 

Here the favorite tests for telescopic precision come richly 
into play. A minute brilliant bead surrounded by the most 
intensely black ring—the more wonderful as the brilliance 
secms to heighten its rare and beautiful delicacy and black 
ness—comes up and plays into expanding colored rings on 
exch side of the principal focal point (The delicate beauties 
of this exquisite phenomenon cannot well be seen without 
in exceedingly delicate fine focal adjustment.) The foeus- 
ing wheel (constructed for the lightest contact) is divided 
into 132 parts; twenty-six give a focal plane the 1,000th of 
uw inch deeper or higher, but a tenth part of this, or a 
chanve of focus of the 10,00°th of an inch, changes the ap 
pearance of the magnified star disk 
ivid and sudden, produce a lively impression of the minute 
ness of the wavelets of light which generate these diffrac 
tive phenomena 

[he diameter of the brilliant disk, as miniatured, is about 
the 1-20,000th of an inch; the jet black ring in which it ap 
pears set, and indeed well set-off, is about 1-100,000th thick. 
Slight changes in the focus, but especially slight changes in 
the corrections of the observing and miniaturing glasses 
produce a new order of phenomena, full of a significant 
meaning and practical import. The minimum visibte is per- 
petually forcing itself upon the observer's attention. The 
lig itning-rod (here visible) 6,000 inches away, is miniatured 
600 times smaller than at 10 inches by the 32d objective, 
which then would diminish an object only 320 times. The 
rod is, therefore, depicted nearly 200,000 times smaller. It is 
exactly half an inch in thickness; its size, therefore, im the 
miniature is 1-400,000th 

As the evening light faded away a long row of gas-lights 
reaching half a mile came into view in pretty perspective, 
the more distant being very slightly out of focus (six divi 
-i ns) The 32d objective required to be advanced the 
4.) Oth part of an inch for the distant light. In this case 
the miniature was produced by a Zeiss 1-32d, and viewed 
by another 32d by the same maker. The lowest eye-piece 
is employed and a shortened eye-tube. A single glance at 
these microscopic landscapes satisfies the observer at once as 
to the quality of the instruments of observation. Achroma- 
tism is sellom attained without generating a whitish haze, 
the inevitable accompaniment of residuary spherical aberra- 
tion. This haze is an invaluable indication 

The haze observed in miniatures examined by high mag 
nifying power is an invaluable indication of spherical resi- 
duaty aberration. The method gives a cruel test of the 
optician’sart. Its discovery led to the subject coming be- 
tere the Royal Society and its being embodied in their 
Transactions. When first seen it was exhibited as a strong 
yeliow fog. The announcement of it occasioned the 
est surprise to the distinguished makers of a *‘ very 
fine” set for the writer. In most cases the higher the 
angular aperture the denser was seen the fog. The follow- 
ing is quoted: ‘* Mechanical arrangements are shown by 
diagrams, Figs. 1, la, plate LU.” (Phil. Tr., vol. ii. 1870, 
p. 592.) 


‘ societies” 


These changes, so 








** Experiment I.—Miniature of a small thermometer, the 
ivory scale being graduated 24 to the inch. A power of 
300 diameters: low eyepiece ‘A,’ and objective of one eighth 
foeal length (made expressly for Podura testing) was applied 
to view the miniature formed by a one-sixteenth objective. 
The following appearances were carefully noted at the time 
of observation: 


“** Result.—The sparkle of light on the bulb of the instru- 
ment, the graduation, and the mercurial thread within the 
glass are invisible, obscured by a nebulous yellow fog which 
no objective adjustments are able to dissipate.” 

In consequence of this unexpected discovery regarding the 
quality of a ‘* very fine” one-eighth, it was returned to the 
opticians, to their surprise, for better compensation. After 
improvements a very slight nebulous yellow cloud now only 
remained 

A new fact came up. <A miniature formed by an imper 
fectly corrected glass is comparatively free from the aberra- 
tion shown by the same glass used as a microscope. Thus, 
viewed by a good glass, the miniature of an inferior one 
bore wonderful magnification by an excellent objective. 
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In innumerable objects surface markings are shown only: 
with no perspective and with no foreshadow of deeper 
structures such objects are opaque. But if transparent, the 
foreshadow of deeper structures confuses the appearance of 
surface; strange eidola are generated difficult of interpreta- 
tion and dispersion. A series of star-disks in deeper foci 
intermingle their diffractions iato beautiful forms. 

The strong fact that these diffractions of a given disk are 
wholly developed toward the eye of the observer, or wholly 
developed beyond the true focal plane, according as the cor- 
rection of the glasses is over-wrought or under-wrought, 
reveals an infallible clew to many spurious effects. This 
method therefore more severely tests the observing instru- 
mentation than the miniature. 

The following experiment, arising out of the phenomena 
in course of observation, is quite a microscopic study in 
itself: 

Experiment.—Miniature of garden view formed by a 
1-30th plano convex lens and examined by a microscope 
armed with 1-8th giving 400 diameters, 


Result,—Landscape dark and hazy. But upon using the 
same power (400) with a deep eyepiece and a half-inch ob 
jective, there started forth an exquisite picture brilliantly lit 
up. Even the foliage glittering in the sunlight was sharp, 
clear, and decisive, the details being marvelously displayed. 
This large increase of light with diminished observing 
angular aperture is at first sight astonishing. 

It is to such causes doubtless that the microscopic world 
so long disputed whether the markings on diatoms were de- 
pressions or elevations. The earlier plates of such objects, 
as given by Quekett, teem with eidolic varieties of form. It 
was thought impossible to resolve them, as it was called, 
without complicated stops, which in fact shut off the unsus- 
pected residuary aberration, 

But it is necessary to pass to the fundamental circular 
spectrum of a minute solar disk. A simple plano-convex 
lens of balf an inch focus is placed on the microscopic stage 
and made to form a miniature of the prism star in the field 
of the microscope. Ifthe experiment be properly conducted, 
forty gorgeously colored rings may be counted. I have fre- 
quently examined these phenomena with a power of 1,000 
diameters. Above the best focal point is a bright fog; be- 
low are seen the glorious diffractions. The sun, as far as it 
could be made out, was a spurious disk nearly 6-100,000ths 
of an inch; the first black ring, the blackest thing I ever be 
held, was nearly the 1-50,000th. Each ring beyond appeared 
exactly of the same breadth—nearly the 1 16,0U00th.* 


DecemBer 10, 1881, 





a 
But it is when superb objectives are placed as it were eye 
to eye, that the finest observations can be made ( specially 
when both are used with their noses inserted in h proper 
immersion fluid for observing landscapes) on dist: jvets 

The extreme delicacy of the change in focal | caves of 
vision is charmingly illustrated " observing with a good 
18th the miniature of two brilliant points, the one 299 
inches, the other 201 inches away in the same line. If the 
miniature is formed by a simple lens, theoretically the fora} 
images of these star-disks would be separated by an interval 
of 2-10,000,000ths of an inch for a 1-10th lens, perfectly 
aplanatic.* 

These disks, by their rapid change in appearance, give the 
most exquisite means of determining focal changes in the 
microscope. Thus for a focal depression of 7-10,000ths of 
an inch a change took place from one pure jet black diffrac. 
tion-ring round central disk to eleven rings. The rings 
changed visibly for a focal depression of 100,000th of an 
inch. 

The greatest confusion bas existed regarding the terms 
penetration, definition, and resolution. he study of star 
disks miniatured by surpassingly well corrected glasses fur- 
nishes the observer with a new order of facts upon which 
irrefragable conclusions can be founded. 

A telescope of very fine quality should have a focus of ex- 
treme delicacy. One whose change of focus by 1-10th of an 
inch produces little or no effect upon the “‘ definition ” js 
contemptible. In the same manner the quality of micro. 
scopes may be estimated by the striking effects of a minute 
focal change. The planes of focal vision, it will be found, 
vary extremely, their interval varying according to a fune-. 
tion of several complex factors. 
| The prism-heliostat already described is well represented 
by an Amici prism. Small bull’s-eye lenses, laid with the 
convex surface upward in the sunshine, present two bril- 
liant images of the sun at a distance of 2U0 inches. They 
are of unequal brilliancy. A row of these placed in a line 
with the axis of the instrument,{ and somewhat tilted, so 
that the star-disks may be all seen at once, will develop a 
series of fine microscopic effects, dependent on the correc- 
tions of the systems in use and the immersion-fluid in which 
the noses of the glasses are inserted (sometimes a piece of 
adherent glass cover intervening, as the water tends to run 
off). If a 1-38d objective be employed to miniature them, 
and a 1-16th to observe them, extraordinary fine excellence 
insures a perspective almost as clear as an opera-glass. The 
minute double stars—which may be brought as close as we 
like by change of the angle of position of the instrument 








HELIOSTATIC STAR-DISKS. 


Fic. 1.—Taking the objects from left to right, a representation is giv 


appearances of the heliostatic star disks with slight changes of focusing. 1 


by a plane convex lens 4 inch focal length placed on stage of 
various lenses showing spurious disks with minute diffractic 
Intensely clear bright star disk produced by very perfect it 


en of a miniature magnified a thousand times lifear and the various 
Large diffraction rings: fundamental spectrum given 
microscope. Forty rings have been counted. 2. Optical gauge: 
mm rings similar to those on the “ bull’s-eye” in center of picture. 3 
istrumentation. 4. A cross given by imperfect glasses. 5. Larger 


expanding rings, the miniature or observing glasses being either under or over-corrected. 6. The finest and clearest spurious disk 


attuinable. 


Nore.—The house on the hill distinetly seen in this case of very finely corrected glasses. A miniature formed by avery fine 12d 


gives the distant house and window nearly in the same focal plane. 


If now an over-corrected lens were substituted, the diffrac- 
tion rings ascended and the nebulosity descended: they 
exactly changed positions as regards focimetry. The con- 
clusion follows that all brilliant objects present diffractions 
above or below the true focus according as the observing in- 
strument is over or under corrected by means of the usual 
screw collar adjustment. 

In this way the same object, especially diatoms, may be 
made to take several very deceptive forms, because spu- 
riously diffracted. The same is true of all brilliantly illu 
minated transparent structures 

The intersection of an infinite number of cones of light 
converging to different points of the axis here produces the 
well-known interference extinction of undulation evolving 
precisely-formed rings of darkness. The simple lens, in 
these observations, develops circular spectra, as being 
formed by an infinite number of prisms. 

An important outcome of this phenomenon is the unerring 
test (here presented by a simple single convex plane lens) of 
the highest possible order, as to the guaéity or inferiority of 
the observing microscope. Extreme steadiness and a parti- 
cularly delicate fine focusing adjustment are indispensable 
for successful observations. It is impossible here to detail 
them. 

A plane silvered mirror of the old style must be discarded 
as a solar reflector; prismatic internal reflection or reflec- 
tion from a metallic surface is indispensable for producing 
purity of spectra.+ 





* The contemplation of these phenomena, utterly eclipsing in their bril- 
liant beauty ‘nd precision of form the fainter diffraction phenomena de- 
scribe? by Sir John Herschel as among the most gorgeous in nature, 
astonishes every beholder. Some little skill is required in gradually ton- 
ing down the excessive, | might say painfu!, vlories of the appesrances— 
lencthen ing the eye tube; glass tinted wedges ‘a single field-lens of a 
Huyghenian as eye-piece produced a spectrum apparently twelve inches 
in d.,ameter, measured with the left eye by rale laid on the stage), or by 
camera. : 

+ Some indications of quality in microscopes: ‘1) Confused mass of 
spurious disks oddly arranged; (2) Beauty of rings utterly marre’; (3) 
Very few rings definable; b Spectrum notched, grained, and spotted; (5) 
Systems of eccentric rings dark and colored, much confused; (6) An 





with the sun’s azimuth—produce a variety of diffraction 
rings, mingling. crossing, and breaking up each other in a 
manner that could hardly be suspected during the telescopic 
observation of real double stars. Seldom can a bright 
landscape be attained without leaving some little outstand- 
ing color. If that be destroyed by changing the glasses or 
corrections immediately, ail black objects look gray, and the 
grav becomes lighter as the color nearly vanishes. The rest 
of the view is charged with a thin grayish-white nebulosity, 
the sure indication—as already described—of residuary aber- 
ration, Just within the best focus an exquisite little dark- 
gray bead margined with black—much less than the primary 
brilliant disk (half its size}—may be discovered by close 
attention and a particularly well-adjusted focusing appara- 
tus 

In observing these interesting phenomena it will be scen 
that largert and smaller spurious disks are formed accord- 
ing to the curvatures of the bull’s-eyes; but there is one 
minimum size, and these, when contiguous, illustrate dif 
fraction spectra in a brilliantly instructive form.§ 


“engine-turned pattern *’ mottled and degenerated; :7) Achromatism and 
freedom from spherical aberration in all cases found incompatible. The 
universal presence of some residu spherical aberration is demon- 
strated by several irrefragable proofs in all the finest made moderna 
glasses. 





* First conjugate focus distance.............. ...... 0° 10005002 
Second “ noe Ses cesassenncs0+ aes 
Interval between focl 2. oo... oc. eee cece ees 0°00000025 


+ The miniature-making objective and observing microscope are both 
placed horizontally 


+ Luckily the image of the sun is very nearly the hundredth part of the 
focal length cf the lens employed If a bul.’s-eye of 1-inch focal length 
be employed at 200 inches, and a miniature be produced bya 1-8th. di- 
minishing it 20 x 80, or 1,609 times, the observed image of the sun v ould 
theoretically be 1-1,600 « 100 = 1-1,600,(00 Jess than one millionth of an 
inch. It should be noted that if the primary axial image of the sun be 
too large, no diffraction spectra will be developed at 200 inches, unless 
very deep miniature objectives be employed. 

§ The January sun image formed by 1-inch lens is 1-16th inch 
The April ei - . 1-108t& inch. 
The July = - 7 1-109th inch. 
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Upon a proper arrangement, putting the bull’s-eye and the 
jnstrument nearly in a line with the sun’s azimuth, a superb 
representation of the double star, Castor, is seen, the fainter 
star being that caused by internal reflection. Intensely 
plack diffraction rings round each, and several fainter ones, 
fewer as the quality of instrumentation is raised. Perfect 
roundness can only be attained by exact coincidence of the 
optical axes of the system. Very slight obliquity (even half 
a degree) causes the rings to overlap and bulge on one side. 
Much obliquity gives rise to glorious curves of the three 
orders of the conic sections, of wondrous beauty and preci- 
sion in effulgent colors, 

Mercurial globules near the microscope exhibit very deli- 
eate and complex forms when similarly miniatured, as 
minute solar disks, in sunlight. 


Experiment. — An optician’s gauge comprising half a dozen 
Jlenses of standard foci 1” to 1-6’th, lying in the sunshine, 
miniatured star-disks by reflection (see 1 in figure) Inferior 
objective 1's inch examined with fine power of 1,000. Two 
brilliant crimson disks in contact expanding within focus to 
an oval ring of deep crimson beads. 


Experiment.—If the image of the sun be received on white | 
paper from a small lens placed at various degrees of obli- | 
quity peculiarly beautiful forms are seen fringed with color. | 
When the lens is sufficiently minute these spectra exhibit to | 
the microscope exquisitely arranged curves in jet-black 
lines; circular elliptic parabolic and hyperbolic, with inex- 
haustible variety, according to the focal plane of vision and 
obliquity. Heliostatic star-disks most successfully exhibit 
these unique phenomena. The superiority of these pheno- 
mena to anything telescopic of the sort is insured by the ab- 
sence of atmospheric disturbance within so short a distance. 
They are all under instantaneous control. 

The limits of human vision among so many bright points 
are patent enough. So long as there is bright sunshine 
every glittering point obscures, I might say utterly effaces, 
the finer traceries of detail. A passing cloud, however, 
brings them all out with astonishing fidelity. Brilliant dif- 
fraction is thus demonstrated to be incompatible with exact 
portraiture. The limit is reached in brilliant sunshine by 
the diffraction disks obliterating the very objects which pro- 
duce them. This limit is well measured by the diameter of 
the smaller disks seen in contact, which in white compound 
light generally appears by micrometric measurement to be | 
between the 1-80,000th and 120,000th of an inch in the mi- 
croscopic field. 

We need not be surprised at this variation: the undulatory 
theory of light gives one size only. Yet, as the spurious 
disk by theory is shaded off graduadly into the first intensely 
black first ring, fainter stars telescop.cally show smaller 
disks. 

But while a close row of spuriovs disks are seen to 
coalesce and obliterate themselves if ti. close, and become 
continuous as a thick luminous line—the rn ‘essary effect of 
brizht diffractions—duller objects devoid of brilliance are 
seen of amazing minuteness of tracery. 





Erample.—The rungs or rounds of a ladde: eesting against 
a house half a mile off were distinctly seen when minia' ured 
down to 1-1,000,000th of their actual size, é. ¢., considerably 
less than 1-1,000,000th of an inch. This feat was accom- 
plished by an immersion 1-32d by Seibert, which di- 
minishes an object 30,000 inches away just about 1.000.000 
times. The bane of minute microscopic research is thus 
seen to essentially consist of a combination of diffraction 
with the haze of aberration. 

A blue glass evidently diminishes the diffraction pheno- 
mena; so do neutral tints. This exactly tallies with the 
shrinking of spurious telescopic disks during haze and sky- 
clouding. These facts forcibly point out the great advan- 
tages of observing in mild light. In further support of this 
the writer hus thus effected several very difficult resolutions 
—in the ‘‘ Ultima Thule” of microscopic investigation glare 
is the prolific parent of many fallacious interpretations. 

These studies have encouraged the writer to continue a 
research into the limits of human microscopic vision. In the 
case of bright illuminations the limit is evidently reached at 
once. A minute refracting spherule thus forms a bright 
focal point which itself exceeds by expansion into a spu- 
rious disk, the diameter of the spherule producing it. Down 
toa certain size a focal image is discernible. A very inter- | 
esting study is given by the solar star-disks presented by 
receiving the rays from the heliostat after passing through a 
beetle’s eye pliced on the field of view on the stage of the 
microscope. Until the sun shone the winduw appeared | 
miniatured in each eye. It seems curious to measure the | 
focal length. By measuring the images this was found to be 
1-1,;0)th of an inch, giving enormous magnification for 
ordinary vision.* The solar disk, however, appeared spu- 
riously enlarged. 

More wonderful diffraction-phenomena are developed by 
different treatment. A half inch condenser-objective was 
meerted between the coleopterous eyes and the heliostat— 
behind or beyond the stage. The solar disks developed then 
appeured severely beautiful. No such wonderfully sharp | 
black rings are even viewed telescopically. These pheno- 
mena are in order of focal classes: 

1. Intensely black truly formed rings 

2. Hexagonal black patterns on a brilliant ground. 

8. Three such hexagonal rings to each eye-facet. 

4. Five such finished off with extremely rich Scotch plaid 


patterns, highly colored. 
G. W. Roysron-Picorr. 
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NEW SUCTION AND PRESSURE APPARATUS. 
By Dr. Ropert MvuENCKE, of Berlin. 


Ir the mixture of water and air, which flows from the | 
ordinary water-jet pumps (‘‘ rapid filters”) in laboratories, 
is caught in a reservoir of such construction that the air | 
may escape above, and the water below, it will be found 
that the air will be expelled with more or less energy, in | 
proportion to the quantity of air carried down and to the | 
shape and construction of the cylinder in which the mixture | 
of air and water are allowed to separate. If the pump is so| 


* Their focal length was measured by selecting a well defined object, 
as a red b-ick house, carefully measuri: g micrometically a g'ven part 
of it. and then measuring an image of the same thing in a known lens. 

If d be the distance of the object from its image, m the size of its | 
miniature, M the size of the object, | 

f=dxm+M. 

A convenient formula for estimating the focal length of a small lens 
Was given me in the Phil. Trane. [If it is found to mgty » times at a 





distance be’ween oject and image, a, and if m be oe le, i 
i 
ad 
S= . more accurately = 1 
mts m+—+2 
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constructed that, with a consumption of 9 to 10 liters of 
water, it aspirates about 15 to 20 liters of air per minute, 
and if it is connected with a reservoir of proper size, there 
will be obtained a blast of compressed air, which, when 
issuing from a jet of 2 mm. in diameter, and with a water- 
pressure of 2 to 3 atmospheres, equals a column of mercury 
of 22 cm., and therefoge is sufficiently strong to supply a 
large blast-lamp. 

he complete apparatus consists, in general, of two main 
portions; namely, the pump, B, and the reservoir, A. The 
pump itself consists of three pieces, B, c, d, adjustable by 
screws, of which the upper part, B, contains the upper cone 
of the water-jet, and also the lateral tube, }, for conveying 
the aspirated air. B is connected with the stuffing-box, c, 
which may be screwed higher and lower, and in which the 
tube, d, containing the lower cone, is likewise adjustable by 
screw-thread. The pump is screwed, by means of the nut, 
é, centrally upov the top of the reservoir, A, while its upper 
end is connected by means of a rubber-tube, a a, with the 
water-supply (i represents a style of water-valve), Near 





MUENCKE’S SUCTION AND PRESSURE 
APPARATUS. 


the edge of the top of the reservoir is a faucet and nipple, 
through which the compressed air escapes, and the water 
flows off below at K. 

When using the apparatus, the joint, d, is ut first screwed 
as far as possible into the piece, B. Next the faucet at g 
is closed, the out:-1 at & opened, and the water turned on 
at A. The joint, d, together with the reservoir with which 
it must be connected perfectly tigbt, is then gradually 
screwed downward, until a vacuum-gauge, connected with 
db, indicates the maximum of exhaustion. If the connection 
at 6 be now removed (that is, if air be freely admitted) the 
faucet at g be opened, and the outlet at & be regulated so 
that the water will flow off unmixed with air, and that it 
will maintain a constant level in the reservoir—there will 
be obtained a blast of air equal to about 22 cm. of mercury, 
as stated above. In order to prevent a projection of water 
from the tube, 4, at the time of setting the apparatus at 
rest, it is necessary to turn off the water-supply at A very 
gradually. 

When using the apparatus as an aspirator, it is absolutely 
necessary to keep the faucet, g, clused, and to always turn 
off the connection between the pump and the rarefied vessel, 
before shutting off the water. 

The price of the apparatus as shown in the cut is 27°50 
marks; provided with additional fittings, such as vacuum- 
gauze, pressure-gauge, etc., the prices are 30, 40, 42°50, and 
57°50 marks. There is also a more simple kind, only in- 
tended for a blast, which costs 10 and 11 marks. 


PROFESSOR LOUIS PASTEUR. 


ProressoR PasteuR was born at Dole, in the Jura, in| 


1822, and was educated at the Royal College at Besancon. 
He was afterwards Professur of Chemistry successively at 


SS 





PROFESSOR LOUIS PASTEUR. 


Dijon and Strassburg. 
Scientific Studies at the Higher Normal School in Paris, and 
since 1868 he bas been Director of the Chemical and 
Physiological Laboratory attached to the Heole des Hautes 
Etudes in that city. He has won innumerable prizes, and is 
a fellow of various scientific bodies, native and foreign, but 
our chief business with him here is in his character as an 
animal vaccinator. As Sir James Paget remarked, he bas 
done for the lower animals that which Jenner had already 
done for the buman race. In France there die every year 
by splenic fever (chardon) animals worth £800,000. Professor 
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| Pasteur has discovered a safeguard against this plague. He 
jinoculates animals with the splenic virus artificially pre- 
| pared, or, to use his own phrase, ‘‘cultivated.” He has 
found that by allowing certain intervals of time to elapse be- 
tween the impregnation of the *‘ virus-cultures” he can regu- 
late the strength of the poison, be can attenuate it till, 
instead of producing death, it acts, like the vaccine lymph 
|among mankind, as a prophylactic against death. In his 
‘address before the International Medical Congress, on 
August 8, Professor Pasteur says: ‘1 was asked to give a 
public demonstration of the results obtained. Fifty sheep 
were placed at my disposition, of which twenty-five were 
vaccinated. A fortnight atierward the fifty sheep were 
inoculated with the most virulent anthracoid microbe. The 
twenty-five vaccinated sheep resisted the infection, the 
| wwenty-five unvaccinated died of splenic fever within fifty 
hours. Since that time mv cnergies have been taxed to 
meet the demands of farmers for suy plies of this vaccine.” 
The Professor added: ‘‘ May we not here be in presence of 
a general law applicable to all kinds of virus?” Speaking. 
of these discoveries Professor Huxky says: ‘They fully 
balance the ransom of £ 00,000. C0 paid by France to 
Germany after the war of 1S70-71." 

In ScrentrFic AMERICAN SuppLeMENT, No. 300, 
Oct. 1, 1881, we gave in extenso a very remarkable address, 
|recently delivered by Professor Va teur before the Inter 
| national Medica: Congress, in which some of his wonderful 
| discoveries are outlined. Our | crirait, for which we are in- 
| debted to the Graphic, is from a photograph by E. Ladrey, 
| Boulevard des Italiens, Paris. 








ON THE DISCOVERIES OF THE PAST HALF-CEN- 
TURY RELATING TO ANIMAL MOTION.* 


By J. Burpon-Sanperson, M.D., LL.D., F.R.S., Profes- 
sor of Physiology in University College, London, 


THE two great branches of biology with which we con- 
cern ourselves in this section, animal morphology and 
physiology, are most intimately related to each other, This 
arises from their having one subject of study—the living 
animal organism. The difference between them lies in this, 
that whereas the studies of the anatomist lead him to fix his 
attention on the organism itself, to us physiologists it, and 
the organs of which it is made up, serve only as vestigia, by 
means of which we investigate the vital processes of which 





they are alike the causes and consequences, 

To illustrate this 1 will first ask you to imagine for a 
| moment that you have before you one of those melancholy 
remainders of what was once an animal—to wit, a rabbit— 
which one sees exposed in the shops of poulterers. We 
have no hesitation in recognizing that remainder as being in 
a certain sense a rabbit; but it is a very miserable vestige of 
what was a few days ago enjoying life in some wood or 
warren, or more likely on the sand-hills ncar Ostend. We 
may call it a rabbit if we like, but it is only a remainder— 
not the thing itself. 

The anatomical preparation which I have in imagination 
placed before you, although it has lost its inside and its out 
side, its integument and its viscera, still retains the parts for 
which the rest existed. The final cause of an animal, 
whether human or other, is muscular action, be- 
cause it is by means of its muscles that it wmain- 
tains its external relations It is by our muscles 
exclusively that we act on each other, The artic- 
ulate sounds by which I am addressing you are but 
the results of complicated combinations of muscular con- 
tractions—and so are the scarcely appreciable changes in 
your countenances by which I am able to judge how much, 
or how little, what I am saying interests you, 

Consequently the main problems of physiology relate to 
muscular action, or, as 1 have called it, animal motion. 
They may be divided into two—namely (1), in what does 
muscular action consist—that is, what is the process of 
which it is the effect or outcome? and (2), how are the motions 
of our bodies co ordinated or regulated? It is unnecessary 
to occupy time in showing that, excluding those higher in- 
tellectual processes which, as they leave no traceable marks 
bebind them, are beyond the reach of our methods of inves- 
tigation, these two questions comprise all others concerning 
animal motion. I will, therefore, proceed at once to the first 
of them—that of the process of muscular contraction, 

The years which immediately followed the origin of the 
British Association exceeded any earlier period of equal 
length in the number and importance of the new facts in 
morphology and in physiology which were brought to light; 
for it was during that period that Johannes Miller, Schwann, 
Henle, and, in this country, Sbharpey, Bowman, and Marshall 
Hall, accomplished their productive labors. But it was in- 
troductory to a much greater epoch, It would give you a 
true idea of the nature of the great advance which took 
place about the middle of this century if 1 were to define it 
as the epoch of the death of ‘‘vitalism.” Before that time, 
even the greatest biologist—e. g., J. Miller—recognized that 
the knowledge they possessed both of vital and physical 
phenomena was iusufficient to refer both to a common 
measure. The method, therefore, was to study the process 
of life in relation to each other only. Since that time it bas 
become fundamental in our science not to regard any vital 
process as understood at all, unless it can be brought into 
relation with physical standards, and the methods o physi. 
| ology have been based exclusively on this principle. tus 
|inquire for a moment what causes have conduced to the 
| change. 
| ‘The most efficient cause was the progress which had been 
made in physics and chemistry, and particularly those in- 

vestigations which Jed to the establishment of the doctrine 

| of the conservation of energy. In the application of this 
great principle to physiology, the men to whom we are in- 
debted are, first and foremost, J. R. Mayer, of whom I shall 
say more immediately; and secondly, to the great } hysiolo- 
gists still living and working among us, who were the pupils 
of J. Miller—viz., Helmholiz, Ludwig, Du Bois Reymond, 
and Briicke. 

As regards the subject which is first to occupy our aiten- 
tion, that of the process of muscular contraction, J. 
Mayer occupies so leading a position that a large proportion 
of the researches which have been done since the new era, 





In 1857 he was made director of | which he had so important a share in establishing, may be 


rightly considered as the working out of principles enurci 
ated in his treatise¢ on the relation between organic motion 
and exchange of material. The most important of these 
were, as expressed in his own words: (1) ‘‘ That the chemical 
force contained in the ingested food and in the inhaled 
oxygen is the source of the motion and heat which are the 


* Opening address in the Department of Anatomy and Physiology, 
British Association, 1881, York. 

+ J. R. Mayer, ** Die organische Bewegu in ihrem Zusammenhange 
mit dem Stoffwechsel; ein Beitrag zur Naturkunde,” Heilbronn, 1845. 
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two products of animal life; and (2) that these products vary | 


in amount with the chemical process which produces them.” 
Whatever may be the claiins of Mayer to be regarded as a 
great discoverer in physics, there can be no doubt that as a 
physiologist he deserves the highest place that we can give 
him, for at a time when the notion of the correlation of 
different modes of motion was as yet very unfamiliar to the 
yhysicist, he boldly applied it to the phenomena of animal 
ife, and thus reunited physiology with natural philosophy, 
from which it had been rightly, because unavoidably, 
severed by the vitalists of an earlier period. 

Let me first endeavor shortly to explain how Mayer him- 
self applied the principle just enunciated, and then how it 
has been developed experimentally since bis time. 

The fundamental notion is this: the animal body resem- 
bles, ag regards the work it does and the heat it produces, a 
steam-engine, in which fuel is continually being used on the 
one hand, and work is being done and heat produced on the 
other. The using of fuel is the chemical process, which in 
the animal body, asin the steam-engine, is a process of 
oxidation. Heat and work are the useful products, for, as, 
in the higher animals, the body can only work at a constant 
temperature of about 100° F., heat may be so regarded, 

Having previously determined the heat and work severally 
producible by the combustion of a given weight of carbon, 
from his own experiments and from those of earlier physi- 
Mayer calculated that if the oxidation of carbon is 
assumed to represent approximately the oxidation process of 
the body, the quantity of carbon actually burnt in a day is 
far more than sufficient to account for the day’s work, and 
that of the material expended in the body not more than 
one-fifth was used in the doing of work, the remaining four- 
fifths being partly used, partly wasted in heat production 

Having thus shown that the principles of the correlation 
of process and product hold good, as far as its truth could 
then be tested, as regards the whole organism, Mayer pro- 
ceeded to inquire into its applicability to the particular 
organ whose function it is *‘to transform chemical differ- 
ence into mechanical effect”—namely, muscle. Aithough, 
he said, a muscle acts under the direction of the will, it does 
not derive its power of motion from the will any more than 
a steamboat derives its power of motion from the helmsman. 
Again (and this was of more importance, as being more 
directly opposed to the prevalent vitalism), a muscle, like 
the steamboat, uses in the doing of work, not the material 
of its own structure or mechanism, but the fuel—¢. e., the 
nutriment—which it derives directly from the blood which 
flows through its capillaries. ‘*‘The muscle is the instru- 
ment by which the transformation of force is accomplished, 
not the material which is itself transformed.” This princi- 
ple he exemplified in several ways, showing that if the 
muscle of our bodies worked, as was formerly supposed, at 
the expense of their own substance, their whole material 
would be used up in a few weeks, and that in the case of 
the heart, a muscle which works at » much greater rate than 
any other, it would be expended in as many days—a result 
which necessarily involved the absurd hypothesis that the 
muscular fibers of our hearts are so frequently disintegrated 
and reintegrated that we get new hearts once a week. 

On such considerations Mayer founded the prevision, that, 
as soon as experimental methods should become sufficiently 

erfect, to render it possible to determine with precision the 

imits of the chemical process either in the whole animal body 

or in asingle muscle during a given period, and to measure the 
production of heat and the work done during the same 
period, the result would show a quantitative correlation 
between them. 

If the time at our disposal permitted, I should like to give 
a short account of the succession of laborious investigations 
by which these previsions have been verified. Begun by 
Bidder and Schmidt in 1851,* continued by Pettenkofer and 
Voit,+ and by the agricultural physiologists} with reference 
to herbivora, they are not yet by any means completed. I 
must content myself with saying that by these experiments 
the first and second parts of this great subject—namely, the 
limits of the chemical process of animal life and its rela- 
tion to anima! motion under different conditions—have been 
satisfactorily worked out, but that the quantitative relations 
of heat production are as yet cnly ineulliclentie determined. 

Let me sum up in as few words as possible how far what 
we have now learnt by experiment justifies Mayer's antici- 
pations, and how it falls short of or excecds them, First of 
all, we are as certain as of any physical fact that the animal 
body in doing work does not use its own material—that, as 
Mayer says, the oil to his lamp of life is food; but in 
addition to this we know what he was unaware of, that what 
is used is not only not the living protoplasm itself, but is a 
kind of material which widely differs from it in chemical 
properties. In what may be called commercial physiology | 
—i. e., in the literature of trade puffs —one still meets with the 
assumption that the material basis of muscular motion is nitro- 
genous; but by many methods of proof it has been shown 
that the true ‘‘Oel in der Flamme des Lebens” is not pro- 
teid substance, but sugar, or sugar-producing material. 
The discovery of this fundamental truth we owe first to| 
Bernard (1850-56), who brought to light the fact that such 
material plays an important part in the nutrition of every 
living tissue; secondly, to Voit (1866), who in elaborate ex- 
periments on carnivorous animals, during periods of rest | 
and exertion, showed that, in comparing those conditions, 
no relation whatever shows itself between the quantity of 
proteid material (flesh) consumed, and the amount of work 
done; and finally to Frankland, Fick, and his associate, Wis- 
licenus, as to the work-yielding value of different constitu- 
ents of food, and as to the actual expenditure of material 
in man during severe exertion. The subjects of experiment 
used by the two last-mentioned physiologists were themselves; 
the work done was the mountain ascent from Interlaken to 
the summit of the Faulhorn; the result was to prove that the 
quantity of material used was proportional to the work done, 
and that that material was such as to yield water and car- 
bonic acid exclusively. ; 

The investigators to whom [ have just referred aimed at 
proving the correlation of process aud product for the whole 
animal organism. The other mode of inquiry proposed by 
Mayer, the verification of bis principle in respect of the 
work-doing mechanism—that is to say, in respect of muscle 
taken separately—has been pursued with equal perseverance 
during the last twenty years, and with greater success; for 
in experimenting on a separate organ, which has no other 
functions excepting those which are in question, it is pos- 
sible to eliminate uncertainties which are unavoidable when 
the conditions of the problem are more complicated. Before 
I attempt to sketch the results of these experiments, I must 


cists, 


* Bidder and Schmidt, “‘Die Verdanungsséfte und der Stoffwechsei,” 
Leipsic, 1852. 
+ Pettenkofer and Voit, Zeitechr. ¢. Biologie, passim, 1866-80. 


t Henneberg and Stohmann, * Beitr zar Begriindung einer rationel- 
len Futterung der Wiederkiuer,’’ Bru vick and Gottingen, 1860-70. 


ask your attention for a moment to the discoveries made 
|since Mayer’s epoch, concerning a closely related subject, 
| that of the process of respiration. 

I wish that I had time to go back to the great discovery 
| of Priestley (1776), that the essential facts in the process of 
respiration are the giving off of fixed air, as he called it, and 
the taking in of dephlogisticated air, and to relate to you the 
beautiful experiments by which he proved it; and then to 
pass on to Lavoisier (1777), who, on the other side of the 
| Channel, made independently what was substantially the 
| same discovery a little after Priestley, and added others of 
even greater moment. According to Lavoisier, the chemi- 
cal process of respiration is a slow combustion which has its 
seat in the lungs. At the time that Mayer wrote, this doc- 
irine still maintained its ascendency, although the investiga- 
tions of Magnus (1888) had already proved its fallacy. 
| Mayer bimself knew that the blood possessed the property 
|of conveying oxygen from the lungs to the capillaries, and 
of conveying carbenic acid gas from the capillaries to the 
lungs, which was sufficient to exclude the doctrine of Lavoi- 
sier. Our present knowledge of the subject was attained by 
two methods—viz., first, the investigation of the properties 
of the coloring matter of the blood, since called ‘‘ hemo- 
globin,” the initial step in which was made by Prof. Stokes 
in 1862; and secondly, the application of the mercurial air- 
pump as a means of determining the relations of oxygen 
and carbonic acid gas to the living blood and tissues. The last 
is a matter of such importance in relation to our subject that 
I shall ask your special attention to it. Suppose that I have 
a barometer of which the tube, instead of being of the ordi 
nary form, is expanded at the top into a large bulb of one 
or two liters capacity, and that, by means of some suitable 
contrivance, | am able to introduce, in such a way as to lose 
no time and to preclude the possibility of contact with air, 
a fluid ounce of blood from the artery of a living animal 
into the vacuous space—what would happen? Instantly the 
quantity of blood would be converted into froth, which 
would occupy the whole of the large bulb. The color of 
the froth would at first be scarlet, but would speedily change 
to crimson. It would soon subside, and we should then 
have the cavity which was before vacuous occupied by the 
blood and its gases—namely, the oxygen, carbonic acid gas, 
and nitrogen previously contained init. And if we had the 
means (Which actually exist in the gas-pump) of separating 
the gaseous mixture from the liquid, and of renewing the 
vacuum, we should be able to determine (1) the total quantity 
of gases which the blood yields, and (2), by analysis, the 

| proportion of each gas. 
| Now, with reference to the blood, by the applica- 
| tion of the * blood-pump,” as it is called, we have learnt a 
great many facts relating to the nature of respiration, par- 
ticularly that the difference of venous from arterial 
blood depends not on the presence of “ effete matter,” as 
used to be thought, but on the less amount of oxygen held 
by its coloring matter, and that the blood which flows back 
to the heart from different organs, and at different times, 
differs in the amount of oxygen and of carbonic acid gas it 
yields, according to the activity of the chemical processes 
| which have their seat in the living tissues from which it 
flows.* But this is not all that the blood-pump has done for 
us, By applying it not merely to the blood, but to the tis- 
sues, we have learnt that the doctrine of Lavoisier was wrong, 
not merely as regards the place, but as regards the nature of 
the essential process in respiration. The fundamental fact 
which is thus brought to light is this, that although living 
tissues are constantly and freely supplied with oxygen, and 
are in fact constantly tearing it from the hemoglobin which 
s it, yet they themselves yield no oxygen to the vacuum. 
iu other words, the oxygen which living protoplasm seizes 
upon with such energy that the blood which flows by it is 
compelled to yield it up, becomes so entirely part of the 
living material itself that it cannot be separated even by the 
vacuum. It is in this way only that we can understand the 
seeming paradox that the oxygen, which is conveyed in 
abundance to every recess of our bodies WY the blood stream, 
is nowhere to be found. Notwithstanding that no oxida- 
tion-product is formed, it becomes latent in every bit of liv- 
ing protoplasm; stored up in quantity proportional to its 
potential activity—¢. ¢., to the work, internal or external, it 
has to do. 

Thus you see that the process of fissue respiration—in 
other words, the relation of living protoplasm to oxygen—is 
very different from what Mayer, who localized oxidation in 
the capillaries, believed it to be. And this difference has a 
ood deal to do with the relation of process to product in 
muscle. Let us now revert to the experiments on this sub- 
ject which we are to take as exemplification of the truth of 
Mayer's forecasts, 

The living muscle of a frog is placed in a closed chamber 
which is vacuous—é, ¢., contains only aqueous vapor. The 
chamber is so arranged that the muscle can be made to con- 
tract as often as necessary. At the end of a certain period 
it is found that the chamber now contains carbonic acid gas 


| in quantity ene the number of contractions the 


muscle has performed. The water which it has also given 
off cannot of course be estimated. Where do these two 
products come from? The answer is plain. The muscle has 
been living all the time, for it has been doing work, and (as 
we ‘shall see immediately) producing heat. What has it 
been living on? Evidently on sto material. If so, of 
what nature? If we look for the answer to the muscle, we 
shall find that it contains both proteid and sugar-produciag 
material, but which is expended in contraction we are not 
informed. There is, however, a way out of the difficulty. 
We have seen that the only chemical products which are 
given off during contraction are carbonic acid gas and water. 
li is clear, therefore, that the material on which it feeds 
must be something which yields, when oxidized, these pro- | 
ducts, and these only. The materials which are stored in 
muscle are oxygen und sugar, or something resembling it in 


' chemical composition. 


And now we come to the last point I have to bring before 
you in connection with this part of my subject. I have as- 
sumed up to this moment that heat is always produced when 
a muscle does work. Most people will be ready to admit as 
evidence of this, the familiar fact that we warm ourselves 
by exertion. This is in reality no proof at all. 

The proof is obtained when, a muscle being set to ict, 
it is observed that at each contraction it become~- . ..:.ner. 
In such an experiment, if the heat capacity of muscle is 
known, the weight of the particular muscle, and the in- 
crease of temperature, we have the quantity of heat pro- 
duced. 

If you determine these data in respect of a series of con- 
tractions, arranging the experiments so that the work done 
in each contraction is measured, and immediately thereupon 





* Ludwig's first important research on this subject was published in 
18 . 


as 
reconverted into heat, the result gives you the total product 
of the oxidation process in heat. 

If you repeat the same experiment in such a way that the 
work done in each contraction is not so reconverted, the re 
sult is less by the quantity of heat corresponding to th. 
work done. he results of these two experiments hayp 
been found by Prof. Fick to cover each other very exact}y 
I have stated them in a table* in which we have the realigy 
tion as regards a single muscle of the following forecast of 
Mayer's as regards the whole animal organism. ‘ Conver 
into heat,” he said, ‘* by friction or otherwise, the mechapj 
‘al product yielded by an animal in a given time, add thereto 
the heat produced in the body directly during the same 
period, and you will have the total quantity of heat which 
corresponds to the chemical processes.’ We have seen that 
this is realizable as regards muscle, but it is not even yer 
within reach of experimental verification as regards the 
whole animal. 

I now proceed abruptly (for the time at our disposal does 
not admit of our spending it on transitions) to the consider, 
tion of the other great question concerning vital motion 
namely, the question how the actions of the muscles of gp 
animal are so regulated and so ordinated as to determine the 
combined movements, whether rhythmical or voluntary, of 
the whole body ‘ 

As every one knows who has read the ‘‘ Lay Sermons,” 
the nature and meaning of these often unintentional, byt 
always adapted motions, which constitute so large a part of 
our bodily activity, was understood by Descartes early jp 
the seventeenth century. Without saying anything as to his 
direct influence on his contemporaries and successors, there 

‘can be no doubt that the appearance of Descartes was coip. 
cident with a great epoch—an epoch of great men and 
great achievements in the acquirement of man’s intellectug] 
mastery over nature. When he interpreted the unconscious 
closing of the eyelids on the approach of external objects, 
the acts of coughing, sneezing. and the like as mechanica] 
and reflected processes, he neither knew in what part of the 
nervous system the mechanisms concerned were situated, 
nor how they acted? It was not until a hundred years after 
that Whytt and Hales made the fundamental experiments op 
beheaded frogs, by which they showed that the involunt 
motions which such preparations execute cease when the 
whole of the spinal cord is destroyed—that if the back part 
of the cord is destroyed, the motions of the hind limbs, if 
the fore part, those of the fore limbs, cease. It was in 1751 
that Dr. Whytt published in Edinburgh his work on the in- 
voluntary motions of animals. After this the next great 
step was made within the recollection of living physiolo- 
gists: a period to which, as it coincided with the event which 
we are now commemorating—the origin of the British Asso. 
ciation—I will now ask your special attention. 

Exactly forty-nine years ago Dr. Marshall Hall communi- 
cated to the Zoological Society of London the first account 
of his experiments on the reflex function of the spinal cord, 
The facts which he had observed, and the conclusions he 
drew from them, were entirely new to him, and entirely 
new to the physiologists to whom his communication was 
j addressed. Nor can there be any reason why the anticipa- 
\tion of his fundamental discovery by Dr. Whytt should be 
| held to diminish his merits as an original investigator. In 
| the face of historical fact it is impossible to regard him as 
the discoverer of the ‘‘reflex function of the spinal cord,” 
but we do not the less owe him gratitude for the application 
he made of the knowledge he had gained by experiments on 
animals to the study of disease. For no one who is ae- 
quainted with the development of the branch of practical 
medicine which relates to the diseases of the central nervous 
system will hesitate in attributing the rapid progress which 
has been made in the diagnosis and treatment of these dis- 
eases to the impulse given by Dr. Marshall Hall to the study 
of nervous pathology. 

In the mind of Dr. Marshall Hall the word reflex had a 
very restricted meaning. The term “ excito-motory fune- 
tion,” which he also used, stood in his mind for a group of 
phenomena of which it was the sole characteristic thata 
sensory impression produced a motorresponse. During the 
thirty years which have elapsed since his death, the devel- 
opment of meaning of the word reflex has been compara 
ble to that of a plant from a seed. The original conception 
of reflex action has undergone not only expansion, but also 
modification. so that in its wider sense it may be regarded 
as the empirical development of the philosophical views of 
the animal mechanism promulgated by Descartes. Not that 
the work of the past thirty years by which the physiolo 
of the nervous system has been constituted can be attribut 
for a moment to the direct influence of Descartes. The real 
epoch-maker here was Johannes Miller. There can be no 
doubt that Descartes’ physiological speculations were well 
known to him, and that his large acquaintance with the 
thought and work of his predecessors conduced, with his 
own powers of observation, to make him the great man that 
he was; but toimagine that his ideas of the mechanism of 
the nervous system were iuspired, or the investigations by 
which, contemporaneously with Dr. Marshall Hall, be de- 
monstrated the fundamental facts of reflex action, were sug: 
gested by the animal automatism of Descartes, seems to me 
wholly improbable. 

I propose, by way of conclusion, to attempt to illustrate 
the nature of reflex action in the larger sense, or, a8 
should prefer to call it, the automatic action of centers, 
by a single example—that of the nervous mechanism by 
which the circulation is regulated. 





* RELATION OF PRODUCT AND PROCESS IN MUSCLE. 
(Result of one of Fick’s experiments.) 


Mechanical product.... ..........+0. «+: 6670°0 grammemillimeters. 
iis it.occndeoucs bid eneaiine 15°6 milligrammeunits. 
Heat produced... .... .. cccccccooseess ONO - 

Total product reckoned as heat........... 546 - 


+ Descartes’ scheme of the central nervous mechanism comprised 4ll 
the parts which we now regard as essential to “reflex action.”’ Sensory 
nerves were represented by threads (filets) which connected al! parts of 
the body to the brain (**(CEuvres,”’ par V. Cousin, vo) iv. p. 359); motot 
nerves by tubes which extended from the brain to the muscles; ‘* motot 
centers ** by * pores ** which were arranged on the internal surface of the 
ventricular cavity of the brain and guarded the entrances to the motor 
tubes. This cavity was supposed to be kept constantly charged with 
* animal spirits * tarnish to it from the heart by arteries specially de® 
tined for the purpose. Any “ incitation ” of the surface of the body-b¥ 
an external object which affects the organs of sense does so, according 
Descartes, by producing a motion at the incited part. This is comma , 
cated to the pore by the thread, and causes it to open, the consequence o 
which is that the “animal spirit’ contained in the ventricular cavit 
enters the tube and is conveyed by it to the various muscles with wh ¢ 
it is connected. so as to produce the appropriate motions. The whole sy* 
tem, although it was placed under the supervision of the “* dme raisom 
able,” which had its office in the pineal gland, was capable of working ' 
dependently. As instances of this mechanism Descartes gives the ~— 
drawal of the foot on the approach of hot objects, the actions of sW# 
lowing, yawning, coughing, etc. As it is necessary that in the performance 
of these complicated motions, the muscles concerned should contract in suc 
cession provision is made for this in the construction of the systems © 
tubes which represent the motor nerves. ‘The weakness of the scheme 
lies in the absence of fact basis. Neither threads mor pores nor 
have any existence. 
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The same year ‘hat J. R. Mayer published his memorable 
y, it was discovered by E. H. Weber that, in the vagus 
nerve, Which springs from the medulla oblongata and pro- 
therefrom to the heart, there exist cbannels of influence 
by which the medulla acts on that wonderful muscular 
mechanism. A)most at the same time with this, a series of 
discoveries* were made relating to the circulation, which, 
taken together, must be regarded as of equal importance 
with the original discovery of Harvey. First, it was found 
by Henle that the arterial blood-vessels by which blood is 
distributed to brain, nerve, muscle, gland, and other organs, 
are provided with muscular walls like those of the heart 
itself, by the contraction or dilatation of which the supply is 
increased or diminished according to the requirements of 
the particular organ. Secondly, it was discovered simul- 
taneously, but independently, by Brown-Séquard and Augus- 
tus Wuiler, that these arteries are connected by nervous 
channels of influence with the brain and spinal cord, just as 
the heart is. Thirdly, it was demonstrated by Bernard that 
what may be called the heart-managing channels spring 
from a small spot of grey substance in the medulla ob- 
jongata, which we now Call the ‘‘ heart-center;” and a little 
later by Schiff, that the artery-regulating channels spring 
from a similar bead-central office, also situated in the me- 
dulla oblongata, but higher up, and from subordinate cen- 
ters in the spinal cord. 

If 1 had the whole day at my disposal and your patience 
were inexhaustible, I might attempt to give an outline of 
the issues to which these five discoveries have led. 
[| must limit myself to a brief discussion of their relations 
to each other, in order that we may learn something from 
them as to the nature of automatic action. 

Sir Isaac Newton, who, although he knew nothing about 
the structure of nerves, made some shrewd forecasts about 
their action, attributed to those which are connected with 
muscles an alternative function. He thought that by means 
of motor nerves the brain could determine either relaxation 
or contraction of muscles. Now, as regards ordinary mus- 
cles, we know that this is not the case. We can will only 
the shortening of a muscle, not its lengthening. When 
Brown-Séquard discovered the function of the motor nerves 
of the blood vessels, he assumed that the same limitation 
was applicable to it as to that of muscular nerves in general. 
It was soon found, however, that this assumption was not 
true in all cases—that there were certain instances in which, 
when the vascular nerves were interfered with, dilatation of 
the blood-vessels, consequent on relaxation of their mus- 
cles, took place; and that, in fact, the nervous mechanism 
by which the circulation is regulated is a highly-complicated 
one, of which the best that we can say is that it is perfectly 
adapted to its purpose. For while every organ is supplied 
with muscular arteries, and every artery with vascular 
nerves, the influence which these transmit is here relaxing, 
there constricting, according (1) to the function which the 


As it is | 


| of requiring food or of seeking it, has no motive for moving 

| from the place it happens to occupy, emits no utterance of 

pleasure or distress. Its life processes continue so long as 
| material remains, and are regulated mechanically. 

To understand this all that is necessary is to extend the 

| considerations which have been suggested to us in our very 

| cursory study of the nervous mechanism by which the work- 


ing of the heart and of arteries is governed, to those of loco- | 


| motion and voice. Both of these we know, on experimental 
|evidence similar to that which enables us to localize the 

vascular center, to be regulated by a center of the same kind. 
| If the behavior of the brainless frog is so natural that even 


the careful and intelligent observer finds it difficult to | 


attribute it to anything less than intelligence, let us ask our- 
selves whether the chief reason of the difficulty does not lie 
in this, that the motions in question are habitually performed 
intelligently and consciously. Regarded as mere mechan- 
isms, those of locomotion are no doubt more complicated 
| than those of respiration or circulation, but the difference is 
(one of degree, not of kind. And if the respiratory 
| movements are so controlled and regulated by the automatic 
| center which governs them, that they adapt themselves per- 
| fectly to the varying requirements of the organism, there is 
| no reason why we should hesitate in attributing to the cen- 
| ters which preside over locomotion powers which are some- 
what more extended. 

But perhaps the ques@on has already presented itself to 
| your minds, What does a!l this come to? Admitting that 
we are able to prove (1) that in the animal body, product is 
| always proportional to process; and (2), as I have endeavored 
{to show you in the second part of my discourse, that 
Descartes’ dream of animal automatism has been realized, 
what have we learnt thereby? Is it true that the work 
of the last generation is worth more than that of preceding 
ones? 

If I only desired to convince you that during the last half- 
century there has been a greater accession of knowledge 
about the function of the living organism than during the 
previous one, I might arrange here in a small heap at oue 
end of the table the physiological works of the Hunters, 
Spallanzani, Fontana, Thomas Young, Benjamin Brodie, 
Charles Bell, and others, and then proceed to cover the rest of 
it with the records of original research on physiological sub- 
jects since 1831. I should find that, even if I included only 
genuine work, I should have to heap my table up to the 
ceiling. But I apprehend this would not give us a true 
answer to our question. Although, etymologically, science 
and knowledge mean the same thing, their real meaning is 
different. By science we mean, first of all, that knowledge 
which enables us to sort the things known according to their 
true relations. On this ground we call Haller the father of 
physiology, because, regardless of existing theories, he 
brought together into a system all that was then known by 
observation or experiment as to the processes of the living 


organ is called upon to discharge; and (2) the degree of its| body 


activity at the time. At the same time the whole mechan- 
ism is controlled by one and the same central office, the 
locality of which we can determine with exactitude by ex- 
periment on the living animal, notwithstanding that its 
structure affords no indication whatever of its fitness for 
the function it is destined to fulfill. To judge of the com- 
plicated nature of this function we need only consider that 
in no single organ of the body is the supply of blood re- 
quired always the same. The brain is during one hour hard 
at work, during the next hour asleep; the muscles are at 
one Moment in severe exercise, the next in complete repose; 
the liver, which before a meal is inactive, during the pro- 
cess of digestion is turgid with blood, and busily engaged 
in the chemical work which belongs to it. For all these 
vicissitudes the tract of gray substance which we call the 
eascular center has to provide. Like a skillful steward of 
the animal household, it has, so te speak, to exercise perfect 
and unfailing foresight, in order that the nutritive material 
which serves as the oil of life for the maintenance of each 
vital process, may not be wanting. Tlie fact that this won- 
derful function is localized in a particular bit of gray sub- 
stance is what is meant by the expression ‘‘ automatic ac- 
tion of a center.” 

But up to this point we have looked at the subject from 
one side only. 

No state ever existed of which the administration was ex- 
clusively executive—no government which was, if I 
may be excused the expression, absvlutely absolute. 
If in the animal organism we impose on a cen- 
ter the responsibility of governing a particular mechan- 
ism or process, independently of direction from above, 
we must give that center the means of being itself 
influenced by what is going on in all parts of its area 
of government. In other words, it is essential that there 
should be channels of information passing inward, as that 
there should be channels of influence passing outward. 
Now, what is the nature of these channels of information? 
Experiment has taught us not merely with reference to the 
regulation of the circulation, but with reference to all other 
automatic mechanisms, that they are as various in their 
adaptation as the outgoing channels of influence, Thus the 
vascular center in the alate oblongata is so cognizant of 
the chemical condition of the blood which flows through it, 
that if too much carbonic acid gas is contained in it, the 
center acts on information of the fact, so as to increase the 
velocity of the blood-stream, and so promote the arterializa- 
tion of the blood. Still more strikingly is this adaptation 
seen in the arrangement by which the balance of pressure 
and resistance in the blood-vessels is regulated. The heart, 
that wonderful muscular machine by which the circula 
tion is maintained, is connected with the center, asif by 
two telegraph wires—one of which is a channel of influence, 
the other of information. By the latter the engineer who 
has charge of that machine sends information to headquarters 
Whenever the strain on his machine is excessive, the certain 
tesponse to which is relaxation of the arteries and diminu- 
ion of pressure. By the former he is enabled to adapt its 
rate of working to the work it has to do. 

If Dr. Whytt, instead of cutting off the head of his frog, 
had removed only its brain—é. ¢., the organ of thought and 
Consciousness—he would bave been more astonished than he 
actually was at the result; for a frog so conditioned exhibits, 
48 regards its bodily movements, as perfect adaptiveness as 
atlormal frog. But very little careful observation is suffi- 
cient to show the difference. Being incapable of the sim- 
plest mental acts, this true animal automation has no notion 





* The dates of the discoveries relating to this subject here referred to are 
48 follows: Muscular Structure of Arteries, Henle, 1841; Function of Car- 





Vagus, E. H. Weber, 1845; Constricting Nerves of Arteries, Brown- 
Sequard, 1852, Aug. Waller, 1853; Cardiac Center, Bernard, 1858; Vascular 
Center, Schiff, 1858; Dilating Nerves, Schiff, 1854; Eckhard, 1864; Loven, 

Of the more recent researckes by which the further elucidation of 
the mechanism by which the distribution of blood is adapted to the re- 
fuitements of each organ, the most important are those of Ludwig and 

Pupils and of Heidenhain. 





But in the ‘‘Elementa Physiologie” we have rather 
that out of which science springs than science itself. Science 
can hardly be said to begin until we have by experiment 
acquired such a knowledge of the relation oetween events 
and their antecedents, between processes and their products, 
that in our own sphere we are able to forecast the operations 
of nature, even when they lie beyond the reach of direct 
observation. I would accordingly claim for physiology a 
place in the sisterhood of the sciences, not because so large 
a number of new facts have been brought to lizht, but 
because she has in her measure acquired that gift of pre- 
vision which has been long enjoyed by the higher branches 
of natural philosophy. In illustration of this I have 
endeavored to show you that every step of the Jaborious in- 
vestigations undertaken during the last thirty years as to 
the process of nutrition, has been inspired by the previsions 
of J. R. Mayer, and that what we have learnt with so much 
labor by experiments on animals is but the realization of con- 
ceptions which existed two hundred years ago in the mind 
of Descartes as to the mechanism of the nervous system. If 
I wanted another example I might find it in the previsions 
of Dr. Thomas Young as to the mechanism of the circula- 
tion, which for thirty years were utterly disregarded, until, 
at the epoch to which i have so often adverted, they received 
their full justification from the experimental investigations 
of Ludwig. 

But perbaps it will occur to some one that if physiology 
founds her claim to be regarded as a science on her power 
of anticipating the results of her own experiments, it is un- 
necessary to make experiments at all. Although this objec- 
tion has been frequently heard lately from certain persons 
who call themselves philosophers, it is not very likely to be 
made seriously here. The answer is, that it is contrary to 
experience. Although we work in the certainty that every 
experimental result will come out in accordance with great 
principles (such as the principle that every plant or animal 
is both, as regards form and function, the outcome of its 
past and present conditions, and that in every vital process 
the same relations obtain between expenditure and product 
as hold outside of the organisin), these principles do little 
more for us than indicate the direction in which we are to 
proceed. The history of science teaches us that a general 
principle is like a ripe seed, which may remain useless and 
inactive for an indefinite period, until the conditions favor- 
able to its germination come into existence. Thus the con- 
ditions for which the theory of animal automatism of 
Descartes had to wait two centuries, were (1) the acquire- 
ment of an adequate knowledge of the structure of the animal 
organism, and (2) the development of the sciences of physics 
and chemistry; for at no earlier moment were these sciences 
competent to furnish either the knowledge or the methods 
necessary for its experimental realization; and for a reason 
precisely similar Young’s theory of the circulation was dis- 
regarded for thirty years. 

trust that the examples I have placed before you to-day 
may have been sufficient to show that the investigators who 
are now working with such earnestness in all parts of the 
world for the advance of physiology, have before them a 
definite and well-understood purpose, that purpose being to 
acquire an exact knowledge of the chemical and _ physical 
processes of animal life, and of the self-acting machinery by 
which they are regulated for the general good of the 
organism. The more singly and straightforwardly we direct 
| our efforts to these ends, the sooner we shall attain to the 
| still higher purpose—the effectual application of our know- 
| for the increase of human happiness. 
} he science of physiology has already afforded her aid to 
‘the art of medicine in furnishing her with a vast store of 
. knowledge obtained by the experimental investigation of the 
action of remedies and of the causes.of disease. These inves- 
| tigations are now being carried on in all parts of the world 
| with t diligence, so that we may confidently anticipate 
| that during the next generation the progress of pathology 
will be as rapid as that of physiology has heen in the past 
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| and that as time goes on the practice of medicine will 
gradually come more and more under the influence of 
scientific knowledge. That this change is already in pro- 
gress we have abundant evidence. Ve need make no 
effort to hasten the process, for we may be quite 
sure that, as soon as science is competent to dictate, art will 
be ready to obey. 








RABIES—A POSSIBLE CAUSE AND A PROBABLE 
PREVENTIVE. 


By L. L. Dorr, M.D., San Francisco. 


It is probably owing to the great obscurity that surrounds 
the etiology, pathology, and treatment of rabies that it is 
exciting so much study. Taking these divisions of the sub- 
ject up inversely, it may be remarked that experience in the 
treatment of this terrible disease has thus far furnished no 
favorable results. In this respect there has been less accom- 
plished than in the case of any disease known to both ancient 
and modern times. In the few cases chronicled as cured 
there have invariably been good grounds to question the 
diagnosis; for ia a perhaps purely nervous disease like this 
there is plenty of room for exercising the imagination both 

| of the patient and of the physician. It is safe to say that in 
no case of undoubted rabies has death failed to result 
speedily, and that there is no known cure. 

Of the pathology, we have none that is recognized by the 
general profession. Whether it is primarily a disease of the 
blood, which sooner or later affects the nervous system, or 
whether the effects are exerted directly on the nervous 
system, is not known. Both systems seem to be the theater 
of the disease in man. No contusion or rupture of the skin 
can occur but there is of course more or less of an impres- 
sion on the nerves; but it seems to be necessary that the 
poisonous saliva shall reach the absorbents to produce the 
effects, and then it is a comparatively few who are bitten by 
a really rabid animal who take the disease. Injury of the 
peripheral nerves, when there is no possibility of the wound 
being poisoned, may produce tetanus, a disease much resem- 
bling rabies. A comparison of these two diseases shows 
that the history is similar, the symptoms being markedly 
alike in many respects, and the results of treatment in most 
instances not much different, for Dr. O’Beirne, of Dublin, 
witnessed two hundred cases of tetanus without a single re 
covery. It may be that rabies is a form of tetanus, but that 
the special poison bas a particular affinity for the nerves 
governing the muscles connected with the acts of deg)uti- 
tion and respiration. There are poisons that produce ana 
logous peculiar and special effects. Dr. A. Flint, Jr., says: 
‘*Woorara, a poison, has the remarkable property of para 
lyzing the motor nerves; but leaving the nerves of sensation 
intact.” This drug has been used in the treatment of both 
tetanus and rabies for these reasons, but with no marked 
results. Cantharis has a special effect on the mucous mem- 
branes of most persons, and it may kil] if the dose is sufti- 
ciently large. There are many drugs, of vegetable and 
mineral origin, that have special effects on certain organs. 

The me pg of rabies are well known and generally 
unmistakable to an unprejudicecd mind; but until we more 
| fully understand the causes we cannot expect to prevent 

this malady. The same may be said of the pathology; for 
until we understand the pathology, especially during its in 
cubation, we cannot expect to treat the complaint intelli 
|gently or successfully. But little has been said of the 
etiology in all that has been published of late on this sub 
ject, and when the pathology and treatment have reached a 
non-progressive stage, it is ume-—not to abandon them—but 
| to direct the attention of thinking people to the cause, that 
steps may be taken for prevention; and there is something 
to be said on this point. We are not satistied to sit down 
and say, ‘‘What cannot be cured must be endured; for 
what cannot be cured in medicine must be prevented, says 
modern science. In recent medicine it is possible that the 
prevention of disease has done more to prolong human life 
than therapeutics, whether based on pathulogy or not. Ii 
may be that such will be the case with rabies; and that in 
the absence of any cure, and with certain death in prospect. 
the grain of prevention may be of great value. As instances 
where progress has been made by adopting this line of de- 
fense, it is only necessary to mention the management to- 
day of yellow fever, cholera, small pox, etc. For these in 
fectio-contagious diseases there are no cures, but we see 
how much can be accomplished by prevention; which in 
fact is almost total annihilation. How can these arguments 
be applied to rabies ? 

The Posmble Cause.—In a study of the natural history of 
the dog we find that he is an animal existing in nearly ever: 
country of the world, both in the wild and in the domest 
cated condition. He is indigenous to nearly all lands. The 
theory that the dog is a descendant from the wolf is not 
tenable. 

Rabies has been known among dogs as far back as history 
speaks of them. It is also found that it has prevailed most 
in the most thickly-settled countries, and those having the 
most intimate and constant communication with other 
nations; and from those peoples it can be traced just in pro- 

yortion as they made discoveries and conquests of other 

ands; for wherever civilized man has gone he bas taken 
dogs, and in those lands rabies has then appeared, and not 
until then, 

In the Mauritius Islands it was not known until 1821, 
when it appeared soon after a dog arrived there on an Eng. 
lish ship from Bengal. It is not mentioned whether this 
dog was allowed intercourse with the native dogs, thereby 
giving opportunity for generating or spreading the disease 
by contagion, but it is presumed the greatest liberty existed 

In Labrador, Liberia, Australia, Van Diemen’s Land, and 
New Zealand, places in but comparatively slight communi- 
cation with the rest of the world, rabies is seldom if ever 
heard of. In relation to Greenland, heretofore reckoned in 
the list, Professor Agnew says, in his recent ‘‘ Surgery:” 
‘In 1868 it prevailed to such an extent in Northern Green 
land as to destroy all the dogs in certain localities.” It 
must be remembered that communication with Greenland is 
getting more and more frequent, and that the Esquimau 
dog is said to be fast crossing with the wolf. Erichsen says: 
‘* Rabies is not known in Central Africa in any animals.” 

As regards China and Japan, countries notably exclusive 
of both men and animals from foreign lands, and where they 
have mostly one breed of dogs, rabies is seldom heard of 
Authorities differ, howéver, in this respect. Dr. H. W, 
Boone, surgeon in charge of St. Jobn’s College, Shanghai, 
China, writing under date of June 28, 1881, says: ‘“ The 
ordinary Chinese dog is large, sort of half-wolf, like Indian 

,or Esquimau dogs, but they have small Pekin pugs and 
small Canton dogs. Chinese dogs occasionally cross with 
European dogs, but only at the few open ports, The pure 


Chinese dogs have hydrophobia, and did so in early days. 
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before foreign contact was common. Japan the same.” Dr 
D. B. Simmons, for many years a resident in Yokohama, 
Japan, writing under date of March 10, 1881, says: ‘‘ I have 
never seen an unmistakable case of rabies in a Japanese. I 
saw one case in a foreign child who was bitten by a foreign 
dog, a Newfoundland, The dogs here are large wolf like 
beasts, having their origin no doubt in China.” 

Without doubt dogs have been taken to all of these places, 
and perhaps allowed to live there for years, but they were 
probably dogs of a pure and original breed, and were not 
permitted to accompany or cohabit with the native dogs. 
And here hangs the point of my argument as regards the 
cause of rabies—that is, that a dog of a pure and original 
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not encountered one authenticated case of rabies during my 
residence here.’ Dr. G. Chismore, of San Francisco, a 
gentleman fond of dogs, and who lived several years in 
Alaska, says, under date of June 11, 1881: “T never saw 
or heard of a case of rabies among Alaskan dogs.” Dr. F. 
W. Hatch, permanent Secretary of the State Board of 
Health of California, in a note dated February 20, 1879, 
says: ‘‘ There are no cases of, or deaths from, hydrophobia 
on the records of the State Board of Health. Personally I 
know of no cases of the disease in the State.” The records 
of the Health Office in San Francisco furnish no evidence 
that there has ever been a death from rabies in the city. Is 
it truthfully stated, then, that climate has no influence over 


breed is incapable of generating rabies, and that it i". disease ? 
1 


appears in any land until such dogs breed in-and-in witl 

dogs of other countries, producing the mixed or mon-rel 
dog. All dogs receive and give the contagion, but only the 
mongrel can generate (( Such seems to be the proper de 

duction to make from the history of rabies, and such is the 
conclusion that observers of dogs and of this disease are fust 
approaching. Charles Hamilton Smith says that ‘‘ the New 

foundland dog is an original breed, and true liydrophobia 
does not attack them in their native land.” The same 
author, in speaking of Arctic dogs, savs: “* Arctic dogs in 
their native regions, are not liable to canine madness He 
also says: ‘Of all domestic dogs, the greyhound is the 
least liable to hydrophobia It is also true that the grey- 
hound is the least apt to breed with other dogs; they are 
peaceable, keep mainly by themselves, and are no doubt of 
a pure and original breed. Erichsen says: ‘“‘ Among dogs, 
rabies is the most common in those of mongrel breed, 
seldom affecting those of pure blood.” John W. Hill, R. C. 
V.S., in speaking of the causes, says: ‘‘I am very much 
inclined to think breeding in-and-in encourages its develop- 
ment.” Dr. Verity, in the Manchester Courier of 1876, says: 
**T have always had a strong opinion that breeding in-and-in 
tends to produce hydrophobia in the dog.” There are many 
instances in human beings where crossing the race tends to 
produce men inferior in intellectual force and physical 
bearing, with a strong tendency to disease. If we want a 
perfect specimen of the intellectual and physical make of 
any race we find it among those of pure and unadulterated 
blood. The crossing of nations of the same race produces, 
undoubtedly, a superior class of men, but the crossing of 
different races only produces inferiors, natural criminals 

and idiots) There are a few exceptions, but they only make 
the rule more apparent and forcible. The Caucasian and 
Indian crossing we all know the result of —weak, criminal, 

and sickly offspring. There are no King Philips or Sitting 
Bulls who are half-breeds. The results of the crossing of 
the negro and white man are numerous among us, and 
generally they are objects of pity, and die early. The few 

with us of the cross of Chinese ahd Caucasian are the 
despised of both nations. The Mexicans are largely a cross 
between the Spaniard and the native Indian, and are a weak, 
degenerating, dying people, far lower in intelligence and 
physique than the Spaniard of Spain or the historical Aztec, 

To return to the brute creation, it is only necessary to say 
that the breed is not improved by crossing the common 
horse with the Arabian or Shetland. Cattle are not im 

proved by crossing with the buffalo. These instances all 
seem to admonish us to keep the breeds, whether of human 
beings or of animals, pure and of the original race. It may 

be that rabies is the result of the violation of this seeming 
law of nature; and, if so, the prevention would be easy—| 
that is, to allow none but dogs of a pure and original breed 

to live. How easy this would be to try in a land like Eng- | 
land, where laws are made to be enforced; and it would not 

be hard to determine which were of a pure breed. It is 
possible, in my belief, that, if dogs of different breed were 
prevented from crossing or their progeny disposed of, rabies 
might be prevented. In the absence of a cure, the trial of 

this measure may be deemed advi-able. 

The question naturally arises, Which are the dogs of a 
pure breed ? We have to regret that nothing is positively | 
known on this point, history being incomplete. Recent 
authorities, such as Charles H. Smith, Thomas Bell, and 
Youatt, speak in no decided words on this point, using the 
indefinite terms probably, evidently, ete. ; but the following- 
named are with little doubt directly descended from the wild 
dog: the shepherd dog, the mastiff, the greyhound, the 
hound, the spaniel, the Newfoundland, the Esquimau, the 
terrier, and the cur. The shepherd has been considered the 
primitive dog. He is no doubt the original dog of Western 
Asia and Egypt. The mastiff may be indigenous to Eng- 
land or the higher lands of Asia and Africa, The greyhound 
is very ancient, having been known three thousand years 
ago, when it differed in no important particular from that 
of the present day. The British Museum contains a group 
of greyhound puppies in stone, from the ruins of the villa 
of Antonius. The greyhound was an inmate of Anglo- 
Saxon kennels in the time of King Elfric. The hound and 
spaniel are natives of Spain. The Newfoundland is indi- 
genous to that island, and was not known in Europe until 
imported from there. The Esquimau dg is a native of the 
more northern latitudes, and is more like the wolf than any 
other species, yet is reckoned as the native dog The 
majority of those seen at the present time may be a cross 
with the wolf. The terrier is considered indigenous to 
Great Britain. Curs are the most numerous, and are th: 
native dogs of many countries; but, having no well-marked 
characteristics, they have received no definite name, and are 
often confounded with the mongrel dogs. There may be 
others, but these are the principal ones 

The Probable Prevention.—It has been very generally ad- 
mitted that climate makes no difference with the appearance 
of the disease, Professor G. Canettoli, in Lo Sperimentale 
for June, 1875, says, in writing of rabies: ‘‘ This is a disease 
of all climates; the extremes have the smallest number.” 
Mr. Hill says: ‘‘ The influence of climate, season, or sex 
would appear to have little bearing on the subject.” This 
conclusion is from a European standpoint. 

The Pacific const of America presents some peculiar 
features as regards this disease. We have in this city, and 
in a portion of the State, a peculiar climate, which cannot 
be compared with that of any other portion of the world. 
But we have also in this large State, and on the Pacific 
coast, thickly-settled towns and cities where the extremes of 
heat and cold are wei! marked and can be brought into com 
parison with those of places in the Eastern S‘ates and Eu- 
rope; yet, from Bebhring’s Strait to Cape Horn, not a well 
authenticated case of rabies was ever known. Dr. Logan, 
recently United States Minister to Chili, in a little work 
sublished in Chicago, called *‘ Physics of the Infectious 

Jisenses,” says: ‘*Of the remarkable disease called hydro- 
phobia, the author believes himself justitied in saying that i 
has never been known upon the whole coast.” Dr. F. C 
Valentine, of Guatemala, writes, under a recent date, and 
after eleven years’ residence in Central America: “I have 


It seems to be well proven that rabies prevails more or 
less in nearly all portions of the world that have been long 
in communication with the older nations, but that it does 
not prevail on the American Pacific coast in any animals, 
brute or buman, while at the same time there is every kind 
of climate from the north frigid, through the temperate and 
tropic, to temperate and frigid again. Whatever the future 
may bring, the past gives no record or knowledge of the 
existence of rabies. Why we are so wonderfully and for- 
tunately favored cannot, perhaps, be positively made out. 

It is reasonable to suppose that amoung the many human 
beings and animals who are bitten every year by really 
rabid dogs in the Eastern States and in Europe, some one or 
more, considering the possibly long period of incubation, 
must have reached the Pacitic coast; yet not one case has 
been developed, while dogs are numerous and of great 
variety, from the pure-blooded greyhound to the scurvy 
mongrel. 

Dr. Verity, in an article on this subject which appeared 
in the Manchester Courier of 1876, approaches what may be 
considered some explanation. He says: ‘Certain peculiar 
changes in the system, possibly due to atmospherical in- 
fluences, act in producing it.” If this be true, may not 
other atmospberical influences act to restrain or annihilate 
the poison? We have a recognized condition of the atmo- 
sphere on the coast, called electrical; and all are aware of 
the wonderful effects of artificially generated electricity 
when used in the treatment of nervous and other diseases. 
A test of the power of the climate of the American Pacific 
coast to prevent the development of rabies can easily be 
made, with strong probability of proving a blessing to hun- 
dreds of human beings who have no other hope. The 
period of incubation is so long in many cases that several 
dogs known to be badly bitten by a dog known to be suffer- 
ing with rabies could be sent here under guard and kept be- 
hind prison bars and under observation until the extreme 
limit was passed. 
have a number of the many persons who are annually bitten 
by rabid dogs in the Eastern States and Europe come to this 
coast, and remain here until the extreme limit of the possi- 
bilities was passed, selecting any place from Cape Horn to 
Behring’s Strait, preferably, however, California, where we 
have a varied climate and all kinds of dogs, and are in close 
communication with all parts of the world. The patient 
having a knowledge of these facts, and the support of hope 
of escape, it might be a power to prevent an attack; and, if he 
were attacked, the disease might be so modified by the cli- 
_— as to render it susceptible of cure.—MNew York Medical 
Jvurnal, 


HEAVY PARAFFIN OIL IN PHARMACY. 
By CHar.es Symes, Ph.D. 


THIs was a paper read at a recent meeting of the British 
Pharmaceutical Conference. 

Crude petroleum and rock oils contain a number of 
bodies of scientific interest, but when distilled commercially 
they yield benzoline or petroleum spirit, burning oils of 
various densities, heavy or lubricating oil, a soft uncrystal- 
lizable fatty substance, which, when highly purified, is 
known as vaseline, petroleum jelly, cosmoline, unguentum 
petrolei, etc., and paraffin wax of various degrees of hard- 
ness, = melting at various temperatures, from 100° F. to 
128° F. 

These products are saturated hydrocarbons, characterized | 
by their chemical indifference to other substances. The 
body to which I wish specially and briefly to direct atten- 
tion is the heavy oil, which, although used extensively for 
lubricating purposes, has not, as far as [ am aware, found 
its way into pharmacy, except in combination with paraffin 
wax, as a solid, more or less crystalline, substance. The best | 
oil, as usually found in the market, is of the color and | 
specific gravity of olive oil (0-910), possesses a boiling point 
above 480° F., and but littie odor. It is cptically active, 


rotating the polarized ray —3:50°. It sometimes has a| been successful. 


slightly acid reaction, probably due to the treatment it has 
previously undergone in its purification. These latter ob- 
jectionable qualities can be removed by passing it through or- 
dinary granulated animal charcoal, and it is then ina suitable 
condition for such pharmaceutica! purposes as it is adapted. 
[t has, even when thus further purified, some amount of 
fluorescence (commonly known as bloom), which has been 
regarded as objectionable; the oil imported from Russia has 
very little of this, and in the sample I have here (somewhat 
paler and thinner than the other) it is entirely absent. It is 
by no means certain, however, that a ready method of 
destroying this characteristic is desirable, inasmuch as it 
would render it capable of being used for purposes of 
adulteration, from which, happily, it is now precluded on 
account of its easy detection. 

Heavy paraffin oil is in itself an excellent emollient when 
applied to the skin; but, in addition to this, I feel satisfied 
it might be used with advantage as a vehicle for many more 
active remedies. It dissolves half its weight of camphor, 
thus forming a strong camphorated oil, which keeps good 
indefinitely. Mixed with one-twentieth of its weight of 
carbolic acid, we have an excellent antiseptic dressing for 
wounds; it also dissolves thymol and menthol when gently 
warmed, l 
placed by this oil, is an excellent basis for other ointments, 
as it does not readily become rancid, the paraffin oil not 
only resisting oxidation itself, but acting as a preservative 
of the lard present. In this latter remark I have been an- 
ticipated to some extent by Mr. J. B. Moore, of Pailadel- 
phia, who published an elaborate paper in the July number 
of the New York Druggists Cireular, ‘On a New Basis for 
Ointments and Substitute for Lard.” His proportions were 
somewhat different from mine, and he used cosmoline, not 
paraffin vil; but the general results were the same, and his 
experiments were conducted through a long period, and 
under trying circumstances as to temperature. 

The ointment, of which [ have here a sample, is of a pale | 
yellow color, is about the same consistence as ordinary sim. 
ple ointment, free from odor, and keeps good for a long 


Ora more practicable plan might be to | 


Simple ointment, in which the almond oil is re | feared if any one attempted to make artificial vaseline with 


These are only a few of the useful purposes to which, jp 
my opinion, heavy paraffin oil might be applied in phay. 
| macy. 

A vote of thanks having been passed to the author, 

Professor Armstrong said one very remarkable statement 
was made, namely, that this paraffin oil was dextrorotary 
He should like to know the length of the tube used. - 

Mr. Symes said it was a 100 mm. tube. 

Professor Thorpe said this was the first example of any 
product got by destructive distillation having such optical 
properties. 

Mr. Benger asked if there was not a little practices! dig. 
culty in the use of mineral fats as substitutes for animal 
| fats, namely, the difficulty with which they were removed 
from linen or the skin by means of soap. 

Mr. Allen said it was entirely new to him that the petro. 
leum products had any rotary action on polarized light: 9, 
the same time he would remind Professor Thorpe that rosin 
oil, which was a product of destructive distillation, was not 
unfrequently optically active. 

Dr. Tilden said it occurred to him that a trace of turpen 
| tine might have got into the particular specimen which Mr. 
| Symes examined, which might produce the effect referred 
to, 

Mr. Allen said with respect to fluorescence he might say 
that one of the processes by which these oils, or at any rate 
shale oils, which were very similar, might be deprived of 
fluorescence was by treating them with nitric acid, or cer. 
tain other oxidizing agents in a very limited manner, It 
was possible in many cases where they bad been artificially 
**debloomed,” so to speak, to restore them so as to indicate 
the origin of the oil by mixing it witb sulphuric acid, iy 
which case the bloom or fluorescence reappeared. However, 
there came from America a heavy lubricating oil, naturally 
free from bloom, and in which no bloom could be developed 
by treatment with acid. Respecting their mixture with 
other oils it was an interesting fact that these petroleum 
products did not mix with castor oil. Castor oil dissolved 
| about an equal measure, but any further quantity did not 

mix with the petroleum oil; it was an extraordinary thing 
that castor oil should constitute an exception to the other 
fatty oils which they were in the habit of thinking were so 
easily miscible with these hydrocarbons, 

Mr. Gerrard said on the pharmaceutical side of the ques- 
tion, he had made a considerable number of experiments in 
a similar direction to those of Mr. Symes. The ordinary 
commercial lubricating oils were not at all adapted for medi- 
cinal use and application. They were subject to consider- 

| able variation, as might be easily demonstrated by the appli- 
cation of a little strong sulphuric acid to any of the 
commercial lubricating oils; most of them became black- 
ened to a high degree. He had devised a process for the 
purification of these oils, which had been used to some 
extent at the University College Hospital, and also largely 
| during the epidemic of small-pox at a hospital in North 
|London. The method adopted was to treat the ordinary 
| lubricating oil first with strong sulphuric acid, which pro- 
| duced a considerable charring, and then to allow it to stand 
| for some time, when a clear oil separated, which was re- 
moved, and it was well washed with caustic soda or ammo- 
nia; then the clear oil was removed again, and well washed 
with water until it gave a neutral reaction. ‘This purified 
oil, when treated with about one-sixth of its weight of 
paraffin wax, formed an ointment basis exactly similar in 
| composition and physical properties to the substances now 
being sold to imitate vaseline. They all possessed a crystal 
line structure which must be considered to be a disadvan- 
tage when compared with vaseline. 

Mr. A. C. Abraham said that these lubricating petroleum 
oils were very often adulterated, with the intention of im- 
proving them, with fatty oils, and that might possibly 
account for the results obtained, to some extent. 

Mr. Fletcher asked if Mr. Symes had found that the 
agitation, with acid of petroleum having a bloom or fluores- 
cence, destroyed that fluorescence, as Mr. Allen had stated; 
and if so, what acid produced that cffect. It was a fact, 
well known to every pharmacist, that the fluorescence of 
quinine was entirely destroyed by a mere trace of hydro- 
chloric acid, and it would be interesting to know whether 











| the same thing occurred with paraffin. 


Mr. Conroy said his experience was that with the better 
qualities of heavy mireral oil about one-third was dissolved 
by castor oil, but very singular to say the portion dissclved 
by the castor oil contained the prircipal portion of the ¢cler- 
ing matter of the mineral oil. He had worked in that 

| direction for a short time with the hope that be would be 
| able to decolorize mineral oil with castor oil; but he had not 

Although he was able to remove the 
| greater portion of the c loring matter, still there was too 
much of the mineral oil dissolved away with it. In !efer- 
ence to what Mr. Gerrard had said relative to the articles in 
the market of the nature of vaseline, he must emphatically, 
in cennection with one of them, contradict the statement 
| that it was made with paraffin wax. 

Mr. Symes, in reply to Dr. Tilden, said he took a good 
commercial specimen, and, therefore, he probably had nol 
sufficiently assured himself of the absence of possible in.pu- 
rities. But when one spoke of destructive distillation he 
should rather regard the process of obtaining these !Lings as 
one of fractional distillation; he was not sure the tempera 
ture used was sufficient to be regarded as destructive «istil- 
| lation, but merely as a separation of the constituents alicady 
| existing in the crude substances. With regard to the diffi- 

culty of removing it from linen, he had only to call attention 
to the fact that there was such a thing as vaseline soap, «nd 
if there was any vaseline in it he supposed it possesses 
cleansing detergent properties. The treatment Mr. Gerrard 
| referred to, aiternately with acids and alkalies, was the one 
| he referred to as possibly helping to cause the acid rection; 
but the oil was always subjected to that process in purifica- 
tion to get rid of olefines and some other impurities. He 





paraffin wax of low melting point to the proportion of 1 to + 
it would be nearly all oil in summer weather. It required 
from 20 to 25 per cent. of low melting point paraffin. From 
some experiments made in that direction he found the 
higher the melting point of the paraffin used the more crys 
talline would be the product and the less percentage of 
paraftin would be required, while the lower the melting 
point of the paraffin the more would be required avd the less 
crystalline and better the product and the nearer it was to 
the substance known as vaseline. But he took it all these 
substances, vaseline and such like, had never been in the 
crystalline condition. They were the soft fatty substances 
of which he spoke, which in an impure state were used for 
lubricating. It was this fact which gave it the particular 
jelly like look so different to mosi of the artificially pre 


period, ! duced bodies. 
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AFFINITY AWD VALENCY. 
By FRep. D. Brown. 


TuosE chemists who were present at the recent meeting 
of the British Association must have been struck with the 
unanimity which prevailed in the Chemical Section with 
regard to that important property of the elements which we 
term valency or atomicity. Professors Williamson, Odling, 
Roscoe, and others, successively declared that it was im 
possible to attribute a constant combining power to the atoms, 
while it was more than once argued that if the idea of 
yalenc. be retained in the science at all, it must be under- 
stood to refer to a property of the atoms which is subject to 
yariations of unlimited extent. 

This question has much occupied my attention during the 
present year, aud T have gradually come to the conclusion 
that the fo.ce of affinity with which an atom tends to 
combine with another is unaltered, or but little altered, by 
such combination ; in other words, if a force of attraction, F, 
be exerted between two atoms, A and B, this force will 
remain the same whether A be combined with one or more 
atoms, C, D, ete., whether it be combined with a second 
atom, A, or whether it lead for the time being an independent 
existence. ‘ 

Many arguments in support of this hypothesis have from 
time to time occurred tome. Some of these are contained 
jn a paper published in the October number of the Philoso 
phica! Magazine, but none, in my opinion, is more cogent 
than that derived from the very existence of chemical 
reactions. It is frequently said that the atoms forming the 
molecules of most chemical substances ‘‘ have their affinities 
satistied,” and it is, | think, generally supposed that the 
chemical energy or affinity of the atoms is neutralized, such 
neutralization being regarded as in some respects similar to 
that which takes place when a conductor charged with posi- 
tive electricity is brought into contact with another which 
has received a negative charge. Yet, on reflection, it is 
evident that if this were the case it would not be possible 
for the molecule in question to exert any influence upon 
another, or, @ fortiori, to enter into any chemical reactior. 
This argument will be better understood by applying it to 
some simple reaction, such, for example, as the formation of 
hydrochloric acid from hydrogen and chlorine, which we 
are accustomed to express by the equation— 


H.+Cl,=2HCl. 


The molecule, He, is supposed to be made up of two atoms 
of hydrogen united together by the force of chemical affinity 
in precisely the same manner as an atom of hydrogen is 
joined to an atom of chlorine in hydrochloric acid. Now, if 
neutralization takes place at all between these two atoms it 
must be complete, for they are identical, and therefore | 
neither of them can have a surplus of the attractive force | 
available after the rest has been employed in neutralizing | 
that of the other; but if the neutralization be complete, 
neither atom is in a position to combine with an atom of 
chlorine or to attract it in any way; hence the reaction cannot 
take place as long as the atoms of hydrogen are united 
together. That they remain thus united when left alone is 
proved by the fact that hydrogen gas obeys Avogaciro’s law. 
Since the reaction does take place we are bound to 
assume that in the molecule, Hz, the affinity of the hydrogen | 
atoms is not neutralized. | 

If we are forced to this conclusion in this particular case | 
of hydrogen, we are equally so in the case of most other 
elements, but with compound bo‘ties the argument is more 
complicated. Take, for. instance, the case of water. We} 
wish to show that the atoms of hydrogen and oxygen which 
form its molecule retain their original attractive forces when 
they are thus combined together. Now we can imagine (1) | 
that the attractive forces are entirely neutralized ; (2) that 
the hydrogen is only sufficient to neutralize a part of the 
affinity of the oxygen, leaving the rest free to act upon any 
other atom ; (3) that the oxvgen is only sufficient to neutral 
ize a part of the affinity of the hydrogen atoms, leaving the 
rest free to act upon other atoms ; (4) that the affinities are 
not neutralized at all. 

We have already seen that the first supposition is inadmis- 
sible, since the molecule of water reacts upon other molecules, | 
As regards the second view, that the attractive force of the 
hydrogen alone is entirely neutralized, it is discountenanced 
by the fact that chlorine acts upon the hydrogen of water, 
forming hydrochloric acid, and setting free the oxygen. It 
is true that this reaction is not one of everyday occurrence, 
but there is no deubt that under suitable conditions it really 
takes place. The third hypothesis, that the attraction of the 
oxygen is entirely neutralized, is disproved by numberless re 
actions in which the oxygen is attacked by atoms belonging 
to other molecules. while the hydrogen is liberated. We 
are, therefore, in this case also driven to the only other 
possible supposition, viz., that no neutralization takes place. 

It would not be difficult to apply the same line of reason- 
ing to most other compound bodics. and thus to show that 
in any molecule every atom retains the.same affinity or power of 
attraction which it possesses when it is uncombined with any other. 

If this statement be true, it follows that, as far as the 
force of affinity is concerned, an atom may combine with any 
number of other atoms, or, in other words, that its valency 
must be unlimited. The number of atoms which can remain 
sufficiently close to it to be retained within the sphere of at 
traction is, however, necessarily very limited. Thus we 
may imagine an atom of nitrogen surrounded by a consider- 
able number of atoms of hydrogen, each of which is moving 
With great velocity, and some few of these may come so 
close to the nitrogen as to be unable to get away again ; but 
as soon as these hydrogen atoms, which remain constantly 
Vibrating in the immediate neighborhood of the nitrogen 
atom, have reached acertain number, it will become impossi- 
ble for any others to approach sufticiently near to be retained 
permanently. We may, therefore, reasonably ascribe the 
phenomena of valency to the conditions of space and motion 
under which the atoms are placed. By so doing, and ad- 
Mitting that the attractive forces exerted by the atoms 
remain unaltered, we are enabled to overcome most of the 
difficulties connected with the subject, and to account to 
ourselves in a fairly satisfactory manner for the variation of 
combining power and the existence of molecular compounds, 
Thus, with respect to the first point, it is clear that the 
valency of an atom must be dependent not only on the form, 
8iZe, motion, ete., of the atom itself. but also on the same 
attributes of the atoms which tend to combine with it. The 
valency, therefore, might be expected to differ with the 
aature of these latter bodies. 

With regard to substances such as NH,Cl, H,SiF,, BaCl, 
+2H.0, which many are accustomed to regard as molecular | 
compounds, the hypothesis that the affinity of the atoms is 
undiminished by combination renders it impossible to draw 
any distinction between them and the se-called atomic com- 
Pounds of chemistry.—Ohem. News, 





CATSUP UNDER THE MICROSCOPE. 

Catsup, as made by farmers’ wives and daughters and 
servants, differs in a marked degree from the same condi- 
ment as sold in the shops when the different sorts are com- 
pared with each other under the microscope. Mushrooms 
are confessedly somewhat difficult things to understand; 
but if a musbroom is mystery, catsup, as sold by dealers, is 
a sphingian enigma that may long await a mycologic 
(Edipos. Housewives usually make catsup of pasture mush- 
rooms with an addition of salt, sometimes with a little 
ginger, cloves, allspice, or may be, mace. This material, 
after being well boiled and securely corked and sealed, is 
one of the most delicious sauces it is possible to put upon 
the table. The writer of these lines being a sort of fungus 
fancier is of course seldom without genuine catsup in his 
house. ‘‘ Who loves a mu.hroom loves good catsup, too,” 
as the poct once wrote. 

Pure, bona fide, home-made catsup is illustrated at A, 
Figure; it swarms with purple-brown mushroom spores, as 
shown. Occasionally a grain or two of pollen may be seen, 
as at b, or perhaps part of the hairlike pappus of a dande- 
lion, asat ©. A glance at the size of these minute objects 
by the side of the spores shows how small indeed are the 
spores themselves \t D is a basidium, or spore-bearer, 
with its four little spikes for carrying four spores; at E, a 
eystidium, one of the organisms referred to in a recent 
number (see p. 369, September 17, 1881); boiling does not 
destroy either of these cells or the spores but the ordinary 
cells of the fungus are very much broken up and obliterated 
in the manufacture of catsup. The circular markings at F 
represent drops of oil from the spices, while G shows the 
crystals belonging to the salt. Everything is right and pro- 
per, recognizable at a glance, and with no extraneous matter 
of an offensive character present. 

The compound sold by dealers is sometimes termed mush- 
room catsup, mushroom flavor, or mushroom relish. 

The four illustrations at H, J, K, and L, are camera lucida 


reproductions of the catsup manufactured by four different | 


London traders. H seems to be all salt and smashed up 
toast; J looks like salt, decayed fish, or slime, a little mil- 
dew, and broken-up twigs; K_ is chiefly fungus spawn, 
spores of mildew, oil, crushed walnut husks. and vibriones. 
At Lis the most respectable sample; here we have crystals 


|of common salt, and possibly some other crystals, toast, 


walnut husks, and fungus spores. The manufacturer of it 
is a conscientious trader, for the little transparent ovals 
seen in the engraving belong to the brownish spores of tbe 





CATSUP UNDER THE MICROSCOPE. 


horse mushroom, and the large dark ones to one of the 
deliquescent species of coprinus, such as one sees growing 
to perfection in wet, foggy weather. about rotten palings. 
Costermongers and their families gather these things in the 
suburbs of London, and the fungi never fail to produce an 
abundance of rich, black juice, suitable as a substitute for 
permanent black writing ink. 

One might well feel a little mystified at the nature of shop 
catsup as seen under the microscope, but on turning to Cas- 
sell’s ‘* Dictionary of Cookery ” one finds that catsup may be 
made in various ways and of various substances. For 
instance, there is ‘‘ fish catsup,” made from the ‘‘ meat 
from a lobster;’ ‘‘lobster catsup,” undescribed; ‘ an- 
chovy catsup,” made from “half a gallon of mild ale” 
and ‘‘two dozen pickled anchovies;” ‘ cucumber catsup,” 
made (not from Agaricus cucumis, but) by sprinkling salt 
over mashed cucumbers; ‘‘mussel catsup,” made by 
pounding mussels in a mortar and boiling in wine or cider; 
mustapha catsup, made from a ‘sound ox-liver ” (not the 
valuable *‘ vegetable liver”—a rich entertainment for a 
refined diner—common on rotten oaks); pudding catsup, 
undescribed. Besides these there are many others, as 
pontac catsup, undescribed; and the catsup of elderberries, 
‘Trish walnuts” (1), lemon, oysters (not the delicious 
‘‘vegetavle oyster”—Agaricus ostreatus—a treat for an 
epicure—common on rotten elms), tomatoes, walnuts, and 
‘‘seven years” (!), unfortunately undescribed. 

It is clear we must not be too hard on the dealers or 
always expect to see spores in catsup. While looking for 
paltry mushroom spores we may be overlooking a choice 
preparation of mustapha, pontac, pudding, or the rare 
* Trish walnuts,” to say nothing of ox-liver, pounded mus- 
sels, oysters, or ‘* meat of a lobster.” Dr. Bull once made 
some unequaled catsup, without boiling; the thrill on the 
palate was extraordinary, and every one praised it as the 
perfection of catsup. On putting it under the microscope 
in a search for the source of the electric thrill, the sauce 
was found to be full of lively gyrating infusoria, Bacteria 
were present in millions; no one caught splenic fever, but 
then it must be remembered fungologists are, as a rule, 
proof against bacteria. 

We happily do not always know what we eat and drink, 
and if in future the readers of the Gardeners’ Chronicle can- 
not taste mushrooms in their catsup (bought at the shops) 
they may depend upon it they have got pontac, mustapha, 
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IMPROVED RETORT FOR OIL GAS. 

In the annexed cut a new retort for oil gas, invented by 
R. Drescher, of Chemnitz, Germany, is shown. The two 
retorts, A and'B, are connected by the tubes, C C. The ver- 
tical revolving shaft has two pans or dishes at its lower end, 
containing the oil which is distributed on the terraced sides 
of the retort, A, and is converted into gases. The light 
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IMPROVED RETORT FOR OIL GAS. 





gases rise and are carried off through the upper pipe, ©. The 
heavy gases and vapors pass through the lower pipe, C, and 
from there into the retort, B, which is heated to x much 
higher degree than the retort, A. Here these heavy vapors 
are converted into a light gas, which is conducted to the 
coolers and scrubbers and to the gas tank. 


FERROUS-OXALO-CITRATE DEVELOPER. 
By Captain W. dE W. Abney, R.E., F.R SB. 


Srnce I wrote two months ago regarding this developer, 
experiments have been made in my laboratory with it, and 
to my mind the results are remarkably satisfactory. I 
would first, however, detail some experiments made by Mr. 
Ray Woods for me, since they throw some light upon what 
might otherwise appear as discrepancies when others tried 
to work the developer. It may be recollected that the mode 
I took to make this developer was by tuking potassium 
cilrate solution, and dissolving in it as much ferrous oxalate 
as it would take up. At my request Mr. Woods tested the 
solubility of the potassium citrate in water, and the ferrc us 
oxalate in different strengths of the citrate solution. It was 
found that 800 grains of potassium citrate would disselve 
in one once of water, increasing the volume about 30 per 
cent. When ferrous oxalate is added to this, very little 1s 
dissolved, but « whitish powder settles, which is completely 
soluble in water, giving a greenish-brown solution. The 
powder contains oxalic acid, citric acid, potassium, and 
iron, the latter, curiously enough, being in both the ferrous 
and ferric state. The solution of this powder acts as a 
feeble developer. When the 400 grains of the citrate are 
dissolved in one ounce of water, we bave a similar result 
A more reasonable quantity to dissolve is 100 grains in the 
ounce of water, and when cold this will hardly dissolve any 
ferrous oxalate, but when warn._d it takes up about twenty- 
five grains, and forms a reddish brown solution, turning 
greenish-brown; when in the former state it is a more 
vigorous developer then in the latter. If the citrate be 
increased to 150 grains, there does not seem to be any result- 
ing benefit in the development. I would, therefore, propose 
to form the developer as below: 


eeeeseee. 100 grains 
1 ounce 
-+-. 25 grains 


Potassium citrate 
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The potassium salt to be dissolved first, and then the iron 
to be dissolved by gentile heating. By diminishing the 
citrate to 50 grains, and the iron to about 20 grains, the 
developer will be nearly as powerful. 

I have already stated that this developer is an excellent 
substitute for the ferrous citrate developer proposed by Dr 
Eder and Captain Pizzighelli for gelatine chloride plates. _ It 
is also excellent for collodion emulsion plates, since it can 
be employed without the use of any restrainer beyond that 
of the film itself. Now, to my mind, this is a most import 
ant property, as I have already stated in these columns, No 
one who has worked the latter process can be but aware of 
|the danger there is of destroying the power of developing 
| detail when such a restrainer us Sronsidia is used, Now, in 
| the case of this developer (always supposing it to romain in 
| the ferrous state) there will be no destroying action; it will 
act simply where light has acted, and in no other parts. 
| This, then, should be a standard developer, very much in 
|the same way that bydrokinone is, the one variab‘e being 
|entirely eliminated. With gelatine-bromide plates, the de- 
| velopment takes place with fair rapidity, and gives a heauti- 
ful image, as I have myself found in all the plates I have 
tried with it. The same sensitometer number is shown in 
trving this developer against the ferrous oxalate. The exact 
chemical composition of the developer is somewhat difficult 
to determine, but I hope to do so shortly, as it is an interest- 
ing point. 

Meanwhile I may say that photographers who are using 
gelatine chloride according to Dr. Eder’s direction will not 
do amiss to give this developer atrial. In this case it can 
| be used without any restraining chloride. It is more easily 
|prepared than that recommended by Dr. Eder, and is cer- 
tainly more powerful in its action. and also more economi- 
cal, which is a consideration. In regard to price, it com- 
pares favorably with the ferrous oxalate, and a great advan- 
tage over it is that the solution remains clear and free from 
crystallization during a lowering of temperature. 

Those who still use either bath dry plates «cr collodion 
emulsion plates, will find it an invaluable aid in developing. 
A bath dry plate, for instance, can be developed without 
ary of the aid developing solutions, an image full of detail 
being brought out with a minimum exposure, the density 
|depending on the amount of silver bromide in the film. 
| Density, of course, can be given in the usual manner by 
pyrogallic acid and silver nitrate, or by acidified ferrous 





‘or one of the others.— W. G. Smith, in Gardeners’ Chronicle.” sulphate and silver nitrate.—Photo, News. 
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THE MIGRATIONS OF | records of a Tennessee warbler, May 6, 1881, and of a black- 
By H. D and-yellow warbler nesting. Martins, a gentleman here tells 
= | me, kill interlopers of their own species, cracking the skull. 

LircnrreLp is in the highland of Western Connecticut, | —Amer. Naturalist. 
from nine hundred to twelve hundred feet above the sea, | 
somewhat sparsely wooded, thongh well watered by southerly 
streams, running either into the Naugatuck valley or into 
the system of Bantam lake (the largest body of fresh water 
in Connecticut, with an area of about twelve hundred acres), 
My observations there extended from October, 1880, to May, 
1881, inclusive of both months, and suggested to me, con 
cerning :* 

(1) Pioneer migrants; that the single temporary forerun- 
ners of a species, so often observed among early non-gre 
garious migrants before the arrival of their fellows in num 
bers, may serve more than a purely individual purpose. A 
single record will illustrate: April Ist | observed by a par 
ticular bridge the first pewee, dejected, silent, or petulant 
and burried, soon flying out of sight sevthward ; for a week 
no pewees were to be seen or heard there or any where about; 
April 8th was pewee-day, bringing these birds in numbers, 
and at the bridge appeared a triumphant pewee with his 
mate. 

(2) Local differences of time 
in outlving swamps «a week or 
birds returned to their village 
peared down by the lake. three mile 
advancing to the outskirts of the much 
most favorable haunts ave th first 
of season, are very considerable: 
Bethlehem, nine miles southward, 

(3) The great inf OF seas rnd the ttively little 
influence ef temporary weather (except on water fowl). 

‘Crows moving southward in large bodies in the latter part 
of October predicted to me a severe winter. It proved one 
of extraordinary and almost uninterrupted severity, without 
any midwinter thaw. In the first week of March the 
crows return (three hundred debating one afternoon whether 


NOTES ON BIRDS 


Minor 


STORING CABBAGES. 


Iv there were any winter cabbages in this neighborhood 
worth mentioning, it might be useful to describe the method 
of keeping them for winter use; perhaps the frost has not 
been so destructive in other places, however, and the follow- 
ing directions may be applied in more favored regions. 
Select a place for the winter bed sheltered from the north 
and west, and well drained; if convenient to the barn and 
house, all the better. Plow and roll the land till it is mellow 
and free from lumps, and let the roller pass over it after the 
last plowing. Then plow a back furrow with the small 
plow slong the middle of the piece. The cabbages are 
stripped of their coarse leaves rapidly in the field before 
pulling them, they are then pulled and thrown, stump and 
all, into tip carts, and dumped conveniently near the open 
furrows above named, part on each side of the ridge; they 
ire then picked up and planted in the furrows as thickly as 
they will stand, and when the furrows are full, the earth is 
to be thrown up to the roots by another bout with the plow; 
if the cabbage heads are very large, it will be needful to 
make two bouts with the plow before setting a second row, 
otherwise one will answer; after the cabbages have all been 
heeled in after this manner, go all around the bed twice 
with the plow, so as to throw up the earth well and leave a 
good furrow to drain off surface water; finally dress out the 
furrow and banking with a shovel, so as to give a free out- 
let to water. If the weather should be warm after bedding 
them, the cabbages may be left uncovered, but if it freezes 
much, they should be at once covered with a few leaves or 
hay, increasing the covering as cold weather gets 
severe: the final covering should be six inches of leaves and 
hay well settled; this will keep the cabbages all winter if 
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to roost in Litchfield woods or to pass on), our first spring desired, or they can be taken out in fine weather at any 
weather forthwith followed, and real winter did not reap-|time in winter for use When taking them out, strip 


off the covering and cut off the stumps with a hatchet, 
throwing the heads into barrels, to be trimmed indoors, if 
the weather is frosty, They can be taken out in very cold 
weather if managed well 

In a long continued thaw, cabbages covered too deeply 
will sometimes heat and rot. It is needful to watch them 
in such weather and strip off the covering for a day if 
needed, replacing it before it gets cold again. The proper 
time to bed cabbages the first week or ten days of 
November, or any dry day after then, when the heads are 
not frozen; if they freeze in the field, wait till they thaw be- 
fore handling them. The coarse leaves taken off in winter 
when trimming them for market, are keenly relished by 
cows and hens. The stumps left in the bed should be 
covered up with litter after cutting the heads; the covering 
may be removed about April ist, when many stumps will 


pear, Snow-birds (Junco hyemalis) were ubsent all winter, 
following southw ard the unusually extended and steady line 
of frost and snow; and nuthatches and most of their kindred 
were during the latter or stormy part, marked 
especially by ice storms. On the other hand, some warblers, 
after a month of bright, lovely weather, waited to appear in 
the face of the cold, blustering, lasting north that set 
in Mav 16. In spring, moonlight is taken advantage of by 
birds like water-fowl, that make long voyages in long flights; 
but it affects little our insessorial birds, who, however much 
they may profit by the harvest moon in autumn, in spring 
are more strongly impelled to migrate, and reappear pretty 
regularly, independently of the lunar calendar For 
instance, et home I have noted the arrival of particular 
pair of Wilson’s thrushes year after year, between the 5th 
and the 10th of May, often coming apparently in the night, 
however young or old the moon might be No doubt, how- 
ever, as | have even detected sometimes, migrants that seem 
to have come in the night, often arrive in the evening, 
simply traveling till a late hour of the day before resting, 
and the next morning may linger for refreshment before re- 
suming their journey. In building, on the contrary, activity 
is in the morning 

(4) The uncertain der of spe “ies, —In spite of pretty re- 
gular habits of migration among the later comers, accidental 
circumstances produce such variations that there is no cer 
tain order or procedure among the different kinds, even near 
relations. Whether the chipping or the field sparrow (Spi 
zellas) will appear first in a given locality where both are 
ommon, who can safely predict 
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greens of the season.— W. D. Philbrick, in N. E. Farmer. 


[NEW ENGLAND FARMER. ] 


THE CULTURE OF TUBEROSES. 


Ir, as seems to be the case, the farmer’s wife is obliged to 
endure the monotony of farm life, either in the management 
or execution of household duties, it should not only be 
allowed, but the good housewife should be indulged and 
assisted in the cultivation of these products of nature, that 
some one has denominated God’s smiles—the beautiful 
flowers. 

There are very many of the most beautiful specimens of 


(5) The routes of New England migrants.—\n visiting the floral world that have been looked upon as beyond the 
Lenox, Berkshire county, Massachusetts, several years in| reach of the average farmer’s wife and daughter, simply be- 





April, I have been astonished to find that though so high 
(1,200-1,300 feet above the sea), and in spring so bleak and 
backward, it gets some of its birds (for instance, bay-winged 
and chipping sparrows) before either Boston on the coast or 
Litchfield, lower and over forty miles more south—as | have 
determined by returning to these places from Lenox, and 
making immediate comparison. 1881—Bay-winged spar 

rows in full song at Lenox, April 16; I returned to Litch- 
field two days later, but found none till the 20th. The con- 
figuration of the country, in connection with such observa- 
tions, seems to show that many birds follow the coast and 
rivers, ascend broad valleys sooner than narrow, and thence 
spread up the slopes and hills, perhaps escaping occasionally 
through gaps where water-courses nearly meet, from one | 
basin to another. Therefore migrants, especially those 
hurrying, are comparatively few, or wanting, along high 

ridges—as exemplified at Litchfield by the scarcity in spring 
of warblers of the Canadian fauna. 

(6) The effects of elevation on the ornithological calendar.— | 
Though comparisons of full value should be based upon 
simultaneous and repeated observations, | venture the con 
clusions (illustrated by my list of dates, based upon daily 
search) that Litchfield, as compared with Boston, is, from 
its elevation, backward in its spring, and in getting the 
earlier migrants, but that when, after a few hot days, it sud- 
denly gets its summer with wonderful rapidity, it gains 
from being nearer the southwest sources of migration, and 
gets its later resident birds—for instance, the wood pewee— 


cause heretofore, and perhaps almost exclusively, they have 
been confined to green-houses or to the handling of profes- 
sional florists Such is the case with the tuberose, a plant 
of such exquisite bloom and such rich perfume. When the 
beautiful fragrance of this plant, as it has appeared in the 
bouquet or floral offering of the professional, has been once 
tested, there comes a sigh and desire for a still greater 
and more extensive enjoyment of the luxury. In this there 
is no difficulty, as it is the purpose of this article to show 

In the first place the plant grows from a bulb, and these 
can easily be procured in a small quantity for starting, and 
then the stock can be increased at pleasure. The bulbs in- 
crease by enlarged growth from the parent bulb, and three 
years are required to bring them to bloom, after which the 
original bulb is of no account, unless to increase the stock, 
which is hardly desirable, since, with a fair share of care, 
the developing bulbs will increase the stock with sufficient 
rapidity. 

So far as soil is concerned, any good garden soil that will 
grow good vegetables will grow tuberoses. It is not neces- 
sary that they should be petted and receive all the care and 
attention that professional florists would claim, because, if 
kept as they should be, where it is warm and the bulbs 
slightly moistened for a® little time before the soil can be 
worked, as soon as danger from frost is passed and the soil 
can be brought into a good mellow condition, operations 
may be commenced; and if the soil is not of the desired 
fertility, let any good manure be plowed into the soil and 
well incorporated with ii. Then let the ground be 
thoroughly worked over and made smooth, and a little fur- | 
row marked with the corner of a hoe to the depth of one | 
and a half to two inches, or sufficiently deep to receive the | 
bulbs, which should all be separated, and planted, as near 
as can be judged, according to the age. It is not desirable 
to occupy a large amount of space; they may be planted no 
more than two or three inches apart in the row, and the 
rows not more than six or eight inches apart, or what is 
sufficient for the passage of the garden hoe between them. 
When set, the earth may be hauled carefully over them, and 
the work of planting is accomplished. Thus the labor of | 
planting is in reality no more than would be necessary to 
plant potato onions; neither is the after care any more; as 


sooner 

(7) -Such are the autumn congregation 
of over a dozen golden-winged woodpeckers in a flock, and 
the singing of field sparrows and of redstarts here often with 
a falling instead of a rising inflection. Such specific varia- 
tions as red-winged blackbirds, in their spring chorus, con- 
gregating commonly in one tree, while the rusty grakles 
often each take a tree top or limb for himself, and such in- 
dividual variations as a nuthatch cracking open a hard nut 
(probably for a maggot) are also curious, 

I subjcin here, though the evidence is not complete, the 


Local variations. 


* Before remarking on migrations here, I append the following dates of 
arrival; March 12, blue birds (in numbers ; 15, song sparrow, snow bird, 
fox sparrow, red-winged blackbird and rusty grakle; “25, meadow lark; 


25, 


April 1, the first pewee; 3, horned larks; 9, downy wvodpecker; 20, oT f . . ; nach >i ‘ > : 
whise-brsanted palm Savannah sparrow, bay-winged s -—— cow- they come up, they require occasional hoeing, that the soil 
bird, and kingfisher; 22, hermit thrush: 23, red-poll i martins, May be kept loose, and to prevent the growth of weeds, and 
swamp, field, and chipping sparrows, yellow-bellied woodpecker (among in return for this little amount of labor, the laborer will be 
hemlocks), and golden-crowned kinglet (absent latterly in winter); 24, rewarded with spikes containing from twenty-five to thirty- 
ruby-crowned kinglet (singing), yellow-rumped warbler, barn swallow, . met eas 4 i Rh “ wd 
solitary vireo, and purple finch, and goldfinch (after a long absence ; 28, five blossoms each, with a growth of young bulbs besides. 
brown thrush, creeping warbler (Minotitla), white-throated sparrow But the care does not quite end here; the plant is extremely 


(earlier?), and towhee; May 1, orchard flycatcher (2mpidonax minimus 
—the first appeared Apri] 27); 3, Swainson’s thrush (a pair in a pasture(!) 


by a rill), cat-bird, oven-bird, yellow warbler, and king-bird; 5, house 


wren; 6, Wilson's thrush and redstart; 7, warbling vireo; 8, chestnut- 
sided warbler, Maryland yellow throat, Baltimore oriole (abundant next 
morning), “night bawk”’ (in the village), and wood thrush ‘probably; 9, 
Nashville warbler, ‘‘ blue yellow-back,”’ etc., red-eyed vireo, rose breasted 

beak, bobolink and Traill's flycatcher; 10, wood pewee and whippoor- 
will ; 12, cedar-birds ; 13, yellow-throated vireo and black-and-yellow, 
warbler (or earlier) ; 14, scarlet tanager ; 15, black-billed cuckoo, and so 
on. Blue birds had eggs in the last week of April; robins and pewees be- 
gan to lny about May Ist 


susceptible to chilling cold, and the tubers are easily de- 
stroyed, therefore it is necessary that, before any severe 
frosts in the fall, the tubers should be lifted and placed in 
some warm locality to dry and cure for winter keeping. If 
some have failed to bloom, that give promise to, such may 
be lifted and placed in a box of earth and brought into the 
dwelling, where they will continue to bloom, even into cold 
weather. When the bulbs are sufficiently dried, they should 
be stored in a dry, warm place, beyond the possibility of 
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throw up sprouts, always acceptable as the earliest cabbage | 


DrckeMBER 10, 1881, 


Ses ay 
being chilled, and kept until] spring. Of course it js desir. 
able, in order to have flowering bulbs each year, to keep 

| stock of all ages of growth, und then the thing is accom. 
plished. 

To show that it is not difficult to make the little bulbs 
grow, it may be said that last spring, after the family of the 
writer had planted 3,000 bulbs, they left a number of hun. 
dred of the smaller specimens of the first year’s growth, and 
it occurred to us that a little experiment might be tried 
touching the difficulty or ease of growing tuberoses; go 
small bed was well raked over, and the little bulbs even) 
spread over the surface, and lightly covered with loose soil 
The result was that they came up thickly, and with a little 
hand pulling of weeds, did nicely, and this fall were lifted 
to add to the stock of bulbs of two years’ growth. §» 
farmers’ wives or daughters need not suppose that the skj}j 
of producing tuberoses is confined exclusively to professiong] 
florists, for it is a thing which they may possess, if they are 
so disposed. i 

Wii11aM H. Yeomans, 

Columbia, Conn., 1881. 
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